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ONE-PAGE SUMMARY

* The stock assessment model for 2016 is similar in strudiuithe 2015 model with the .
addition of fishery age compositions from 2015, new acowsstigey biomass and age com-:
position estimates for 2015, reanalyzed acoustic survayass and age compositions froms
1998-2013, and minor refinements to data including catéimatts from earlier years. a

* The stock assessment model is fit to an acoustic survey ioidalzsundance as well as ages
compositions from the survey and commercial fisheries. 6

» Coastwide catch in 2015 was 190,663 t, out of a TAC (adjufstedarryovers) of 440,000 t. -
Attainment in the U.S. was 47.4% of its quota; in Canada it 8388%. A variety of factors s
influenced the attainment of the quota. 0

» The stock is estimated to be near its highest biomass lewed 4990 as a result of estimateds
large 2010 and 2014 cohorts. The 2014 cohort has only beeamaasonce by the commer-u
cial fishery, thus its size is highly uncertain. The survegeayed high numbers of age-L-
hake in 2015, but those data are not used in the base ass¢ssoush. 13

* The median estimate of 2016 relative spawning biomassvspg biomass at the start ofis
2016 divided by that at unfished equilibriuBy) is 75.5% but is highly uncertain (with 95%:s
interval from 34.9% to 160.7%). 16

* The median estimate of 2016 female spawning biomass i8 hfiflon t (with 95% interval 17
from 0.735 t0 4.166 million t). 18

* The spawning biomass in 2016 is estimated to have incrdem®d2015 due to the estimate:
of the 2014 year-class being well above average size andstimeate of the 2012 year-classo
being slightly above average. 21

* Based on the default harvest rule, the estimated mediah datit for 2016 is 804,399 t 2
(with 95% interval from 288,483 to 1,852,220 t). 23

* As in the past, forecasts are highly uncertain due to uac#ytin estimates of recruitmentas
for recent years. Forecasts were conducted across a rangtbflevels. 25

* Projections setting the 2016 and 2017 catch equal to thé ZBLC of 440,000 t show the 2
estimated median relative spawning biomass increasimg #@% in 2016 to 80% in 2017 »-
and staying stable in 2018. However, due to uncertaintyetlsean estimated 3% chance ofs
the spawning biomass falling below 25%kyin two years (by 2018). There is an estimated
38% chance of the spawning biomass declining from 2016 t@ 2&1d a 50% chance of itz
declining from 2017 to 2018 under this constant catch level. 31

Pacific Hake assessment 2016-02-12 iv DRAFT - DO NOT CITE



EXECUTIVE SUMMARY
STOCK

This assessment reports the status of the coastal Pacifee (daRacific whitingMerluccius pro-
ductug resource off the west coast of the United States and Candla start of 2016. This stock -
exhibits seasonal migratory behavior, ranging from offshand generally southern waters durs
ing the winter spawning season to coastal areas betwedmenoi€alifornia and northern British 4
Columbia during the spring, summer and fall when the fishegonducted. In years with warmers
water the stock tends to move farther to the north during timenser. Older hake tend to migrates
farther than younger fish in all years, with catches in thedad&n zone typically consisting of -
fish greater than four years old. Separate, and much smadleulations of hake occurring in the s
major inlets of the northeast Pacific Ocean, including thaiSdf Georgia, Puget Sound, and the
Gulf of California, are not included in this analysis. 10

CATCHES

Coast-wide fishery Pacific Hake landings averaged 2243t 1966 to 2015, with a low of 1
89,930 t in 1980 and a peak of 363,135 t in 2005 (Figa)rePrior to 1966, total removals were::
negligible compared to the modern fishery. Over the earlyoderl966—1990, most removalss
were from foreign or joint-venture fisheries. Over all yedhe fishery in U.S. waters averaged.
168,983 t, or 75.3% of the average total landings, whilelc#tom Canadian waters averagees
55,393 t. Over the last 10 years, 2006—-2015 (Tapl¢he average coastwide catch was 265,707st
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Figure a. Total Pacific Hake catch used in the assessment by sectd@-2065. U.S. tribal catches are
included in the sectors where they are represented.
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Table a. Recent commercial fishery catch (t). Tribal catches areided where applicable.

us us usS Us us CAN CAN CAN CAN

Year Mother-  Catcher- Shore- R Joint Shore- Freezer- Total
; esearch Total . Total

ship Processor  based Venture side  Trawler
2006 60,926 78,864 127,165 0 266,955 14,319 65,289 15,1367444 361,699
2007 52,977 73,263 91,441 0 217,682 6,780 55,390 13,537 075,7293,389
2008 72,440 108,195 67,760 0 248,395 3,592 57,197 12,5173063, 321,701
2009 37,550 34,552 49,223 0 121,325 0 43,774 12,073 55,8477,117
2010 52,022 54,284 64,654 0 170,961 8,081 38,780 12,850 139,7230,672
2011 56,394 71,678 102,147 1,042 231,262 9,717 36,632 04,080,409 291,671
2012 38,512 55,264 65,920 448 160,145 0 31,164 14,478  45,6425,787
2013 52,470 77,950 102,143 1,018 233,581 0 33451 18,583033%2, 285,614
2014 62,102 103,203 98,638 197 264,139 0 13,184 21,380 34,588,703
2015 27,661 68,484 58,010 0 154,155 0 16,451 20,057 36,507,683

with U.S. and Canadian catches averaging 206,860 t and B8,8&spectively. 1

In this stock assessment, the terms catch and landings adeinterchangeably. Estimates of.
discard within the target fishery are included, but discagdif Pacific Hake in non-target fisheriess
is not. Discard from all fisheries is estimated to be less fl%arof landings in recent years. During s
the last five years, catches have been above the long-temagaveatch (224,376 t) in 2011, 2013
and 2014, and below it in 2012 and 2015. Landings between 202008 were predominantly e
comprised of fish from the very large 1999 year class, witlcthreulative removal from that cohort -
estimated at apporximately 1.24 million t. Through 201%, tibtal catch of the 2010 year class is
estimated to be about 0.53 million t. 0

DATA AND ASSESSMENT

The biomass estimate and age composition from the acowstieysconducted in 2015 have beem
added to the survey time series (Figljeearlier survey data (1998—-2013) were re-analyzed and
updated this year. The only other new data for this 2016 ass&#, that were not in the 2015.
assessment, are the 2015 fishery age compositions (and refimements to historical catch estis
mates were made). Total catch and empirical weight-at-ag2d15 are also added to the assess-
ment model this year, but are fixed and not included in the ifittleg procedure. Various other is
data types, including data on maturity, have been explarestghe 2014 stock assessment, but
are not included in the base model this year. 17

This Joint Technical Committee (JTC) assessment depeidarnilly on the fishery landings (1966-s
2015), acoustic survey biomass estimates (Figpirend age-compositions (1998-2015), as wel
as fishery age-compositions (1975-2015). While the 20Idegundex value was the lowest inx
the time series, the index increased steadily over the faweys conducted in 2011, 2012, 2013;
and 2015. Age-composition data from the aggregated fisharid the acoustic survey contribute:
to the assessment model’s ability to resolve strong and weldrts. 23

The assessment uses a Bayesian estimation approachivegresitalyses, and retrospective in-.
vestigations to evaluate the potential consequences afrder uncertainty, alternative structurak
models, and historical performance of the assessment nredpkctively. The Bayesian approach
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Figure b. Acoustic survey biomass index (millions of metric tons).pAgximate 95% confidence intervals
are based on only sampling variability (1998-2007, 201152 addition to squid/hake apportionment
uncertainty (2009, in blue).

combines prior knowledge about natural mortality, stoe&ruitment steepness (a parameter for
stock productivity) and several other parameters, wittliifoods for acoustic survey biomass in-
dices, acoustic survey age-composition data, and fishexcamposition data. Integrating thes
joint posterior distribution over model parameters (viarkbew Chain Monte Carlo simulation)
provides probabilistic inferences about uncertain modeameters and forecasts derived from
those parameters. Sensitivity analyses are used to igeti&rnative structural models that mays
also be consistent with the data. Retrospective analyssgifig possible poor performance of -
the assessment model with respect to future predictionsashassessments, closed-loop simula-
tions have provided an insight into how alternative comtiame of survey frequency, assessmend
model selectivity assumptions, and harvest control rufiectaexpected management outcomes
given repeated application of these procedures over tlgetlerm. The results of past closed-loop:
simulations influence the decisions made for this assegsmen 12

This 2016 assessment retains the structural form of thedsssssment model from 2015 and res
tains many of the previous elements as configured in Stockh8gis (SS). Analyses conducted.
in 2014 showed that using time-varying (rather than fixedjd®ity reduced the magnitude ofis
extreme cohort strength estimates. In closed-loop sinomst management based upon assess-
ment models with time-varying fishery selectivity led to linég median average catch, lower risk:
of falling below 10% of unfished biomasB), smaller probability of fishery closures, and loweis
inter-annual variability in catch compared to assessmeamtais with time-invariant fishery selec-i
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Figure c. Median of the posterior distribution for beginning of theayédemale spawning biomass through
2016 (solid line) with 95% posterior credibility interva{shaded area). The solid circle with a 95%
posterior credibility interval is the estimated unfisheditlgrium biomass.

tivity. It was found that even a small degree of flexibilitytire assessment model fishery selectivity
could reduce the effects of errors caused by assuming sgtiect constant over time. Therefore, -
we retain time-varying selectivity in this assessment. 3

STOCK BIOMASS

The base stock assessment model indicates that since tBe, I4cific Hake female spawning.
biomass has ranged from well below to near unfished equihb(Figuresc andd). The model s
estimates that it was below the unfished equilibrium in thé0k9 at the start of this assessment
model, due to lower than average recruitment. The stocktisiated to have increased rapidly-
to near unfished equilibrium after two or more large recreitis in the early 1980s, and then des
clined steadily after a peak in the mid- to late-1980s to ailo@000. This long period of decline
was followed by a brief increase to a peak in 2003 as the 18988 year class matured. The 199%
year class largely supported the fishery for several yeaggauwvelatively small recruitments be-
tween 2000 and 2007. With the aging 1999 year class, medmaaléespawning biomass declined:
throughout the late 2000s, reaching a time-series low @&Driillion t in 2009. The assessments
model estimates that spawning biomass declined from 202016 after five years of increases.
from 2009 to 2014. The estimated increases were the resaltasfje 2010 cohort and an abover
average 2008 cohort surpassing the age at which gains irels®from growth are greater than the
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Figure d. Median (solid line) of the posterior distribution for relet spawning biomas$(/By) through
2016 with 95% posterior credibility intervals (shaded qré&zashed horizontal lines show 10%, 40% and
100% levels.

loss in biomass from natural mortality. The model then estés an increase from 2015 to 2016
due to an estimated large 2014 year class, which, on aveggilar to the average estimated:
size of the 2010 year class. 3

The median estimate of the 2016 relative spawning biomass\ising biomass at the start of 2016.
divided by that at unfished equilibriurBg) is 75.5% but is highly uncertain (with a 95% posteriot
credibility interval from 34.9% to 160.7%; Tabl®. The median estimate of the 2016 beginnings
of-the-year female spawning biomass is 1.828 million tjveit95% posterior credibility interval -
from 0.735 to 4.166 million t). The estimated 2015 femalevagag biomass is 1.522 (0.660—s
3.215) million t. 0

RECRUITMENT

The new data available for this assessment do not signifjcalndnge the pattern of recruitmento
estimated in recent assessments. Pacific Hake appear téolageerage recruitment with occa-i:
sional large year-classes (Taldl@and Figuree). Very large year classes in 1980, 1984, and 1999
supported much of the commercial catch from the 1980s to tle2®00s. From 2000 to 200713
estimated recruitment was at some of the lowest values itirtteeseries, but this was followed by:.
a relatively large 2008 year class. The current assessragmages a very strong 2010 year class
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Table b. Recent trends in estimated beginning of the year femalerspgviiomass (thousand t) and relative
spawning biomass level relative to estimated unfished ibguiin.

Spawning Biomass Relative spawning biomass

Year : (thousand t) : : (Bt/Bo) :

2.8 . Median 97'5. 2.5 . Median 97'5.

percentile percentile percentile percentile

2007 550.6 676.9 898.8 22.1%  28.3% 35.9%
2008 467.1 591.6 827.4 19.0%  24.8% 32.0%
2009 360.0 485.4 722.2 15.0%  20.4% 27.7%
2010 408.6 574.5 908.2 17.6%  24.2% 34.4%
2011 434.5 650.5 1,100.4 18.8% 27.5% 41.0%
2012 603.0 1,047.1 1,973.1 26.7%  44.4% 75.1%
2013 757.9 1,440.7 2,810.9 34.1% 60.6% 104.2%
2014 762.6 1,571.4 3,170.4 34.1% 66.1% 117.7%
2015 659.8 1,521.8 3,214.6 29.6%  63.9% 120.0%
2016 735.3 1,827.9 4,165.7 34.9%  75.5% 160.7%

Table c. Estimates of recent recruitment (millions of age-0) anduiment deviations (deviations below
zero indicate less than median recruitment and deviatibogeazero indicate above median recruitment).

Absolute recruitment Recruitment deviations

(millions)

Year - - - -

2.8 . Median 97'5. 2.9 . Median 97'5.

percentile percentile percentile percentile

2006 1,195.5 1,860.2 3,079.8 0.237 0.582 0.888
2007 9.3 56.5 193.9 -4.648  -2.859 -1.682
2008 3,425.6 5,397.3 9,393.1 1.381 1.718 2.118
2009 4949 1,102.3 2,435.5 -0.485 0.173 0.761
2010 7,249.5 14,5477  29,988.2 2.203 2.705 3.212
2011 123.6 503.0 1,565.7 -1.993  -0.679 0.250
2012 496.2 1,563.0 4,272.4 -0.626 0.368 1.229
2013 148.9 950.1 3,867.0 -1.835 -0.164 1.163
2014 555.4 10,983.9 65,010.6 -0.838 2.261 3.978
2015 64.2 1,1355 17,918.0 -2.866 0.041 2.759
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Figure e. Medians (solid circles) and means)(of the posterior distribution for recruitment (billiong o
age-0) with 95% posterior credibility intervals (blue I&)e The median of the posterior distribution for
mean unfished equilibrium recruitmerRg] is shown as the horizontal dashed line with a 95% posterior
credibility interval shaded between the dotted lines.

comprising 70% of the coast-wide commercial catch in 20X3p ®f the 2014 catch, and 67% of:
the 2015 catch. The size of the 2010 year class is more uicdrem older cohorts (other than the:
1980 year class), but the median estimate is the secondgtighthe time series (after the 1980s
recruitment estimate). The model currently estimates dl 2041 year class, and smaller than av-
erage 2012 and 2013 year classes (median recruitment dedawedan of all median recruitments).s
The 2014 year class is likely larger than average and palgné similar magnitude as the 2010s
year class, but is still highly uncertain. There is no infatian in the data to estimate the sizes of
the 2015 and 2016 year classes. Retrospective analysearaflgss strength for young fish haves
shown the estimates of recent recruitment to be unreliaiibe {o at least age 3. 0

EXPLOITATION STATUS

Median fishing intensity on the stock is estimated to haven liedow theFspr_409 target except 1o
for the years 2008 and 2010 when spawning biomass was loie(d@amnd Figurdf). Exploitation 1
fraction (catch divided by biomass of fish of age 3 and aboae)dmown relatively similar patterns..
(Figureg and Tabled). Median fishing intensity is estimated to have declinednfrb01.8% in s
2010 to 49.7% in 2015, while the exploitation fraction hasrdased from 0.27 in 2010 to 0.07 in.
2015. Although there is a considerable amount of uncestairdund these recent estimates, the
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Table d. Recent trend in fishing intensity (relative spawning pagmatio; (1-SPR)/(1-SPRy)) and ex-
ploitation fraction (catch divided by age 3+ biomass).

Fishing intensity Exploitation fraction
Year h h h h
2.5 . Median 97.8 . 2.5 . Median 97.8 .
percentile percentile percentile percentile
2006 0.743 0.926 1.085 0.166 0.211 0.252
2007 0.794 0.982 1.151 0.192 0.252 0.307
2008 0.857 1.051 1.214 0.188 0.261 0.332
2009 0.660 0.882 1.076 0.109 0.161 0.217
2010 0.782 1.018 1.217 0.175 0.268 0.374
2011 0.697 0.984 1.223 0.123 0.204 0.304
2012 0.506 0.779 1.067 0.090 0.162 0.269
2013 0.410 0.686 1.000 0.040 0.078 0.150
2014 0.376 0.650 0.987 0.043 0.085 0.176
2015 0.267 0.497 0.864 0.032 0.067 0.156
1.2
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Figure f. Trend in median fishing intensity (relative to the SPR managd target) through 2015 with 95%
posterior credibility intervals. The management targdingel in the Agreement is shown as a horizontal
line at 1.0.
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Figure g. Trend in median exploitation fraction through 2015 with 9p®&sterior credibility intervals.

Table e.Recent trends in Pacific Hake landings and management aiegisi

Coast-wide us Canada Total

get(y WO @O0 TG removed removed
2006 266,955 94,744 361,699 364,842 95,297 269,545 99.0% 4%09 99.1%
2007 217,682 75,707 293,389 328,358 85,767 242,591 89.7% .3%88 89.4%
2008 248,395 73,306 321,701 364,842 95,297 269,545 92.2% .9%76 88.2%
2009 121,325 55,847 177,172 184,000 48,061 135,939 89.2%  6.2%l 96.3%
2010 170,961 59,712 230,672 262,500 68,565 193,935 88.2% 1987 87.9%
2011 231,262 60,409 291,671 393,751 102,848 290,903 79.5% 8.7%b 74.1%
2012 160,145 45,642 205,787 251,809 65,773 186,036 86.1% A4%69 81.7%
2013 233,581 52,033 285,614 365,112 95,367 269,745 86.6% .6%64 78.2%
2014 264,139 34,563 298,703 428,000 111,794 316,206 83.5% 0.993 69.8%
2015 154,155 36,507 190,663 440,000 114,928 325,072 47.4%  1.8%3 43.3%

95% posterior credibility interval of fishing intensity iglow the SPR management target for the
last three years (Figurfe. 2

MANAGEMENT PERFORMANCE

Over the last decade (2006—-2015), the mean coast-wideatitln rate (i.e., landings/quota) hass
been 80.8% (Table). From 2011 to 2015, the mean utilization rates differedveen the United .
States (76.6%) and Canada (49.1%). Total landings lasedeckethe coast-wide quota in 20025
when utilization was 112%. 6
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Figure h. Estimated historical path followed by fishing intensity arnthtive spawning biomass for Pacific
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The median fishing intensity was below target in all yeareepk@008 and 2010 (Figuf@. The -
median female spawning biomass was above target until 1888vas below target from 1998- .
2000 and 2006-2011 (Figudy. 3

The joint history of biomass and-target reference points shows that before 2007, median fish
ing intensity was below target and female spawning biomassmostly above target (Figung. s
Between 2007 and 2011, however, median fishing intensitgadrirom 88% to 105% and me- s
dian relative spawning biomass between 0.20 and 0.28. Bisinas risen recently with the 2008
and 2010 recruitments and, correspondingly, fishing intess fallen below targets. Relatives
spawning biomass has been above the target since 2012. 0

While there is large uncertainty in the 2015 estimates ofrfsimtensity and relative spawningo
biomass, the model predicts a less than 1% joint probalfibyeing both above the target fishing:
intensity in 2015 and below the target relative spawningraiss at the start of 2016. 12

REFERENCE POINTS

Estimates of the 2016 base model reference points with pastzedibility intervals are in Ta- 13
blef. The estimates are slightly different than those in the 288dessment, with slightly greatet.
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Table f. Summary of median and 95% credibility intervals of equilibn reference points for the Pacific
Hake base assessment model. Equilibrium reference poartssomputed using 1966—2015 averages for
mean size at age and selectivity at age.

. 2.5" . 97.3"
Quantity percentile Median percentile
Unfished female spawning bioma(thousand t) 1,913 2,403 3,138
Unfished recruitmentRy, millions) 1,966 3,116 5,303
Reference points (equilibrium) based orFspr_s0%

Female spawning biomasskipr-409 (Bspr-40%, thousand t) 653 856 1,098
SPR atFspr_409 - 40% -
Exploitation fraction corresponding to SPR 18.3% 21.8% 26%
Yield at Bspr-409 (thousand t) 275 382 561
Reference points (equilibrium) based orB4gy, (40% of Bg)
Female spawning biomasB4(«, thousand t) 765 961 1,255
SPR atBo 40.6% 43.4% 51.1%
Exploitation fraction resulting iB4q9 14.5% 18.9% 23.2%
Yield at B4gy, (thousand t) 271 374 544
Reference points (equilibrium) based on estimated MSY
Female spawning biomasBy(sy, thousand t) 366 591 963
SPR at MSY 17.9% 28.7% 45.8%
Exploitation fraction corresponding to SPR at MSY 17.9%  833. 59.8%
MSY (thousand t) 285 404 603
sustainable yields and reference biomasses estimate iasttessment. 1

UNRESOLVED PROBLEMS AND MAJOR UNCERTAINTIES

Uncertainty measures in the base model underestimate tleutacertainty in the current stock -
status and projections because they do not account foripp@sdternative structural models for s
hake population dynamics and fishery processes (e.g. tisélgc the effects of data-weighting
schemes, and the scientific basis for prior probabilityriistions. To address structural uncertains
ties, the JTC investigated a range of alternative modetsywanpresent a subset of key sensitivity
analyses in the main document. 7

The Pacific Hake stock displays a very high recruitment ‘adlitg relative to other west coast s
groundfish stocks, resulting in large and rapid biomass@émnThis leads to a dynamic fisherys
that potentially targets strong cohorts resulting in tivaeying fishery selectivity. This volatil- 1
ity results in a high level of uncertainty in estimates ofrent stock status and stock projections
because with limited data to estimate incoming recruitmirg cohorts are fished before the as:
sessment can accurately determine how big the cohort is ¢plort strength is not well know i3
until it is at least age 3). 14

The JTC presented results from closed-loop simulationkiatiag the effect of including poten-is
tial age-1 indices on management outcomes at the May 6-7 2dT5meeting in Victoria, B.C. 16
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Table g. Forecast quantiles of Pacific Hake relative spawning bisna&she beginning of the year before
fishing. Catch alternatives are based on: constant catelsl@ows a, b, c, d), the TAC from 2015 (row
d), the catch values that result in a median SPR ratio of W &), the median values estimated via the
default harvest policyRspro400—40:10) for the base (row f), and the catch level that resaolts 50%
probability that the median projected catch will remain shene in 2016 and 2017 (row Q).

Within model quantile 5% 25% 50% 75% 95%
Management Action - ¢ lati . .
Year Catch (0 Beginning of year relative spawning biomass
a 2016 0 40% 58% 75% 99% 142%
2017 0 46% 66% 89% 124% 209%
2018 0 48% 71% 97% 141% 247%
b: 2016 180,000 40% 58% 75% 99% 142%
2017 180,000 42% 62% 85% 120% 206%
2018 180,000 41% 64% 90% 134% 240%
C: 2016 350,000 40% 58% 75% 99% 142%
2017 350,000 38% 59% 82% 117% 202%
2018 350,000 34% 56% 84% 128% 234%
d: 2016 440,000 40% 58% 75% 99% 142%
2015 2017 440,000 36% 57% 80% 115% 200%
TAC 2018 440,000 30% 52% 81% 124% 230%
e: 2016 760,000 40% 58% 75% 99% 142%
Fl= 2017 855,000 30% 50% 73% 108% 194%
100% 2018 750,00q 17% 37% 66% 109% 216%
f: 2016 804,399 40% 58% 75% 99% 142%
default 2017 889,918 29% 49% 72% 107% 193%
HR 2018 785,036 15% 35% 64% 107% 214%
g 2016 873,000 40% 58% 75% 99% 142%
C2016= 2017 873,000 27% 48% 71% 106% 191%
C2017 2018 773,907 14% 34% 63% 106% 214%

They found that fitting to an unbiased age-1 survey resultevier catch, lower probability that .
spawning biomass falls below 10% B§, and a lower average annual variability in catch. How:
ever, comparable results in terms of catch could be achieitbch more precise age-2+ survey ors
alternative harvest control rules. The simulations asslameage-1 survey design with consistent,
effective, and numerous sampling, which may not be the cashé existing age-1 index. 5

FORECAST DECISION TABLES

The median catch limit for 2016 based on the def&gfr-400—40:10 harvest policy is 804,399, s
but has a wide range of uncertainty, with the 2.5% to 97.5%edoeing 288,483-1,852,2201. 7

Decision tables give the projected population status tjrel@pawning biomass) and the fishings
intensity (1-SPRoy,) relative to target fishing intensity, under different ¢atdternatives for the o
base model (Tableg andh). The tables are organized such that the projected outcomeath 1o
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Table h. Forecast quantiles of Pacific Hake fishing intensity (1-SAR3PR;q0) for the 2016—2018 catch
alternatives presented in Talde Values greater than 100% indicate fishing intensitiestgrehan the
Fspr-40% harvest policy calculated using baseline selectivity.

Within model quantile 5% 25% 50% 75% 95%
Management Action o .
Year Catch (0 Fishing Intensity
a 2016 0 0% 0% 0% 0% 0%
2017 0 0% 0% 0% 0% 0%
2018 0 0% 0% 0% 0% 0%
b: 2016 180,000 24% 33% 42% 52% 72%
2017 180,000 15% 24% 34% 45% 64%
2018 180,000 13% 23% 33% 45% 65%
C: 2016 350,000 41% 55% 67% 79% 102%
2017 350,000 28% 43% 58% 74% 97%
2018 350,000 25% 41% 57% 76% 102%
d: 2016 440,000 49% 64% 76% 89% 111%
2015 2017 440,000 34% 51% 68% 85% 109%
TAC 2018 440,000 31% 50% 68% 89% 115%
e: 2016 760,000 70% 87% 100% 112% 130%
Fl= 2017 855,000 58% 81% 100% 117% 137%
100% 2018 750,000 49% 76% 100% 123% 141%
f: 2016 804,399 72% 89% 102% 114% 132%
default 2017 889,918 59% 83% 103% 119% 138%
HR 2018 785,036 51% 79% 103% 126% 141%
g 2016 873,000 76% 93% 106% 118% 134%
C2016= 2017 873,000 59% 82% 103% 120% 139%
C2017 2018 773,907 50% 79% 103% 126% 141%

potential catch level and year (each row) can be evaluatexsthe quantiles (columns) of the:
posterior distribution. Tablg shows projected relative spawning biomass outcomes and hab -
shows projected fishing intensity outcomes relative to #nget fishing intensity (based on SPR;
see table legend). Figurshows the projected biomass for several catch alternatives 4

Fishing intensity exceeding 100% indicates fishing in exadsheFspr_400, default harvest rate s
catch limit. This can happen for the median fishing intensityrojected years because the
Fspr-409 default harvest-rate catch limit is calculated using basetelectivity from all years, -
whereas the forecasted catches are removed using sdieatigraged over the last five years. Res
cent changes in selectivity will thus be reflected in the weieation of fishing in excess of the o
default harvest policy. Alternative catch levels where raedishing intensity is 100% for three:o
years of projections is provided for comparison (scenariele100%). 1

Management metrics that were identified as important todive Management Committee (JMC):..
and the Advisory Panel (AP) in 2012 are presented for prigestto 2017 and 2018 (Tablés 13
andj and Figureg andk). These metrics summarize the probability of various ouies from 1.
the base model given each potential management actionougthnot linear, probabilities can bes
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Figure i. Time series of estimated relative spawning biomass to 2ai@ the base model, and forecast
trajectories to 2018 for several management options frendétision table, with 95% posterior credibility
intervals. The 2016 catch of 804,399 t was calculated usieglefault harvest policy, as defined in the
Agreement.

Table i. Probabilities related to spawning biomass, fishing intgnaind 2017 catch limits for alternative
2016 catch options (catch options explained in Taple

Probability .
y y y  Fishing Cropability
Catch Probability Probability Probability Probability intensity 2017 Catch
in 2016 B2017<B2016 B2017<Bao% B2017<B25% B2017<B10% in 2016 Target
>40% Target<2016 Catch
a: 0 9% 2% 0% 0% 0% 0%
b: 180,000 22% 4% 1% 0% 0% 0%
c: 350,000 32% 6% 1% 0% 6% 4%
d: 440,000 38% 7% 1% 0% 12% 9%
e: 760,000 53% 13% 3% 0% 50% 40%
f: 804,399 55% 14% 3% 0% 55% 44%
g: 873,000 57% 16% 4% 1% 62% 50%
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Figure j. Graphical representation of the probabilities relatedp@asing biomass, fishing intensity, and
2017 catch limits for alternative 2016 catch options (catations explained in Tabig) as listed in Tablé.
The symbols indicate points that were computed directlgnfroodel output and lines interpolate between
the points.

interpolated from this table for intermediate catch valuEgyurei shows the predicted relative :
spawning biomass trajectory through 2018 for several cdéhmanagement actions. With zera
catch for the next two years, the biomass has a 9% probabflidgcreasing from 2016 to 2017, s
and a 17% probability of decreasing from 2017 to 2018 a

The population is predicted to decrease from 2016 to 2017 aviess than 50% probability for all s
catch levels investigated up to 440,000 t (Tabdend Figurg). The model predicts high biomasss
levels and the predicted probability of dropping belBygo, (10% of Bp) in 2017 is less than 1% -
and the maximum probability of dropping bel®yoq, is 16% for all catches explored. It should bes
noted that the natural mortality rate has overtaken the tiroate for the 2010 year class, the moded
estimated below average recruitment for the 2011 and 20d&tx) but a large predicted 2014 yeats
class will result in increases to the spawning biomass adere maturity. The probability that the::
2017 spawning biomass will be less than the 2016 spawningdss is greater than 50% for all.
catch levels greater than 440,000 t (Talded Figurg). 13
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Figure k. Graphical representation of the probabilities relatedpnsing biomass, fishing intensity, and
2018 catch limits for alternative 2017 catch options (cafations explained in Tabig) as listed in Tablé.
The symbols indicate points that were computed directlgnfroodel output and lines interpolate between

the points.

Table j. Probabilities related to spawning biomass, fishing intgnaind 2018 catch limits for alternative
2017 catch options (catch options explained in Taple

Probability .
N -~ -~ . Fishing -robability
Catch Probability Probability Probability Probability intensity 2018 Catch
in2017 B20186<B2017 B2018<Baows B2018<Basw B2018<Biow 5017 Target
>40% Target<2017 Catch
a:0 17% 2% 0% 0% 0% 0%
b: 180,000 30% 5% 1% 0% 0% 1%
c: 350,000 44% 9% 1% 0% 4% 5%
d: 440,000 50% 12% 3% 0% 11% 12%
e: 855,000 70% 27% 12% 2% 51% 54%
f: 889,918 71% 28% 14% 2% 54% 56%
g: 873,000 70% 29% 15% 3% 54% 56%
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RESEARCH AND DATA NEEDS

There are many research projects that could improve thé stegessment for Pacific Hake and
lead to improved biological understanding and decisiokinta The top three are: 2

1. Investigate links between hake biomass, its spatiailigion and how these dynamics varys
with ocean conditions and ecosystem variables such as tatape and prey availability.
These investigations have the potential to improve theatas considered in future man-s
agement strategy evaluation (MSE) work as well as providifigtter basic understandings
of drivers of hake population dynamics and availability shéries and surveys. 7

2. Continue development of the MSE tools to evaluate majorcgs of uncertainty relating to s
data, model structure and the harvest policy for this fisla@iy compare potential methodse
to address them. Incorporate the feedback from JMC/AP/SFSE/ Advisory Panels into 1o
operating model development. Specifically, making suréetti@operating model is able tou
provide insight into the important questions defined by¢tggsups. If a spatially, seasonally:.
explicit operating model is needed, then research showlasfon how best to model theses
dynamics in order to capture seasonal effects and poteslinaate forcing influences in 1
the simulations (see item 1). Investigate the impact of mgkncorrect assumptions abouts
the underlying recruitment process. Continue to cooréimatr MSE research with others
scientists in the region engaging in similar research. 17

3. Conduct research to improve the acoustic survey estaratage and abundance. Thiss
includes, but is not limited to, species identificationgedrverification, target strength, di-i
rectionality of survey and alternative technologies tastga the survey, as well as im-z
proved and more efficient analysis methods. Apply bootpirapmethods to the acoustic.:
survey time-series to incorporate more of the relevant iaiceies into the survey variance.:
calculations. These factors include the target strend#tioeship, subjective scoring ofs
echograms, thresholding methods, the species-mix and grapluic estimates used to in-.
terpret the acoustic backscatter, and others. Continu®tk with acousticians and survey:s
personnel from the NWFSC, the SWFSC, and DFO to determinggamal design for the 2
Joint U.S./Canada Hake/Sardine survey. Develop automatid methods to allow for thez;
availability of biomass and age composition estimatese@alifC in a timely manner after azs
survey is completed. 20
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1 INTRODUCTION

The Joint US-Canada Agreement for Pacific Hake (called theégent) was signed in 2003 and:
went into force in 2008 but could not be implemented until @0TThe committees defined by -
the Agreement were first formed in 2011 and catch advice ir2 204s the first year for which s
the process defined by the Agreement was followed. This idifineannual stock assessment.
conducted under the Agreement process. 5

Under the Agreement, Pacific Hake or Pacific whitiMg¢luccius productusstock assessmentss
are to be prepared by the Joint Technical Committee (JTC)dsed of both U.S. and Cana- -
dian scientists, and reviewed by the Scientific Review G&RG), consisting of representativess
from both nations. Additionally, the Agreement calls fotloof these bodies to include scientists
nominated by an Advisory Panel (AP) of fishery stakeholders. 10

The data sources for this assessment include an acoustieysas well as fishery and survey:
age-composition data. The assessment depends primaoitytbp acoustic survey biomass index
time-series for information on the scale of the current retkek. Age-composition data from thes
aggregated fishery and the acoustic survey provide addltioformation allowing the model to 14
resolve strong and weak cohorts. Annual fishery catch is mogidered data in the sense that it
does not contribute to the likelihood. However, the catchnamportant source of information:s
in contributing to changes in abundance and providing atdwend on the available population-
biomass in each year. 18

This assessment is fully Bayesian, with the base model rozating prior information on severalio
key parameters (including natural mortality, and steepness of the stock-recruit relationshjp, 2o
and integrating over parameter uncertainty to provideltesbat can be probabilistically inter-2:
preted. From a range of alternate models investigated byThe a subset of sensitivity analyses
are also reported in order to provide a broad qualitativeganson of structural uncertainty withas
respect to the base case. These sensitivity analyses aiceigindy described in this assessment
document. The structural assumptions of this 2016 base Inaoee=ffectively the same as thes
2015 base model, including time-varying fishery selegtivit 26

1.1 STOCK STRUCTURE AND LIFE HISTORY

Pacific Hake also referred to as Pacific whiting is a semigpelachooling species distributed-
along the west coast of North America generally ranging fi2h N. to 55 N. latitude (see 2s
Figurel for an overview map). Itis among 18 species of hake from femega (being the majority 2o
of the familyMerluccidag, which are found in both hemispheres of the Atlantic andffea@ceans so
(Alheit and Pitcher1995 Lloris et al, 2005. The coastal stock of Pacific Hake is currently the
most abundant groundfish population in the California Qhirsgstem. Smaller populations of this.
species occur in the major inlets of the Northeast Pacifia®@cmcluding the Strait of Georgia,ss
Puget Sound, and the Gulf of California. Genetic studiegcatd that the Strait of Georgia anc.
the Puget Sound populations are genetically distinct frieencbastal populationwamoto et al, s
2004 King et al, 2012. Genetic differences have also been found between théat@apulation s
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and hake off the west coast of Baja Califormi&goman and Palomd977). The coastal stock :
is also distinguished from the inshore populations by lagiee-at-age and seasonal migratory
behavior. 5

The coastal stock of Pacific Hake typically ranges from theevgeoff southern California to north-
ern British Columbia and rarely into southern Alaska, wiik horthern boundary related to fluc-s
tuations in annual migration. In spring, adult Pacific Hakgnaite onshore and northward to feed
along the continental shelf and slope from northern Califoto Vancouver Island. In summer, -
Pacific Hake often form extensive mid-water aggregatior@ssociation with the continental shelfs
break, with highest densities located over bottom depttZ6f300 m Dorn and Methat1991 o
1992. 10

Older Pacific Hake exhibit the greatest northern migratiacheseason, with two- and three-yeas
old fish rarely observed in Canadian waters north of soutantouver Island. During El Nifi0 12
events (warm ocean conditions, such as 1998 and 2015),ex fargportion of the stock migrates:s
into Canadian waters, apparently due to intensified nontthivansport during the period of activeu
migration Oorn, 1995 Agostini et al, 2006. In contrast, La Nifia conditions (colder water, such
as in 2001) result in a southward shift in the stock’s disitiitn, with a much smaller proportion:s
of the population found in Canadian waters, as seen in thé 806vey (Figure2). The research 1-
on links between migration of different age classes andrenmental variables is anticipated tas
be updated in the years ahead to take advantage of the dateatlgabeen collected in the years
since the previous analyses were conducted. 20

Additional information on the stock structure for Pacifickdas available in the 2013 Pacific Hake:
stock assessment documeldigks et al, 2013. 2

1.2 ECOSYSTEM CONSIDERATIONS

Pacific Hake are important to ecosystem dynamics in the EaBtcific due to their relatively 2;
large total biomass and potentially large role as both prey predator in the Eastern Pacific.
Ocean. A more detailed description of ecosystem considesais given in the 2013 Pacific Hakes
stock assessmerttlicks et al, 2013. Recent research has developed an index of abundancesfor
Humboldt Squid and suggested links between squid and hakedahce $tewart et al.2014). -
The 2015 Pacific Hake stock assessment document presengsiivity analysis where hake:s
mortality was linked to the Humboldt Squid indekafylor et al, 2015. This sensitivity was not 2o
repeated in this assessment, although further researt¢hsaopic is needed. 30

1.3 MANAGEMENT OF PACIFIC HAKE

Since implementation of the Magnuson-Stevens Fishery €wgagon and Management Act in the:
United States and the declaration of a 200 mile fishery coatien zone in both countries in thes.
late 1970s, annual quotas (or catch targets) have been aidiedittthe catch of Pacific Hake in ss
both zones. Scientists from both countries historicalljatmrated through the Technical Subs.
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committee of the Canada-U.S. Groundfish Committee (TSC)tlaere were informal agreements:
on the adoption of annual fishing policies. During the 19%@syever, disagreements between
the U.S. and Canada on the allotment of the catch limits bEtvieS. and Canadian fisheries led
to quota overruns; 1991-1992 national quotas summed to 1#8Pe coast-wide limit, while the .
1993-1999 combined quotas were 107% of the limit, on aver&lge Agreement between the U.S.s
and Canada establishes U.S. and Canadian shares of thevidastllowable biological catch at ¢
73.88% and 26.12%, respectively, and this distributiondess adhered to since ratification of the
Agreement. 8

Throughout the last decade, the total coast-wide catchraelsetd harvest targets reasonably well
(Table 4). Since 1999, catch targets have been determined usig @400, default harvest 1o
rate with a 40:10 adjustment that decreases the catch ljnieam the catch target at a relativen:
spawning biomass of 40% and above, to zero catch at relgissrsng biomass values of 10%:
or less (called the default harvest policy in the AgreemeRiyrther considerations have oftens
resulted in catch targets to be set lower than the recomndezateh limit. In the last decade, totaks
catch has never exceeded the quota, but harvest rates hanoaetped thd-spr_400, target and, s
in retrospect, may have exceeded the target in 2008 and 20é&étianated from this assessments
Overall, management appears to be effective at maintamisgstainable stock size, in spite of;
uncertain stock assessments and a highly dynamic populatiowever, management has been
precautionary in years when very large quotas were pretimt¢he stock assessment. 10

1.3.1 Management of Pacific Hake in the United States 20

Inthe U.S. zone, participants in the directed fishery araired to use pelagic trawls with a codend:
mesh that is at least 7.5 cm (3 inches). Regulations alspatetste area and season of fishing te:
reduce the bycatch of Chinook salmon and several depletddisb stocks. The at-sea fisheries
begin on May 15, but processing and night fishing (midnighbne hour after official sunrise)a
are prohibited south of 42N. latitude (the Oregon-California border). Shore-baseHiffig is 2
allowed after April 15 south of 4B0’ N. latitude, but only a small amount of the shore-based
allocation is released prior to the opening of the main sthased fishery (May 15). The current,
allocation agreement, effective since 1997, divides th®. Won-tribal harvest among catcherss
processors (34%), motherships (24%), and the shore-bastd4R%). Since 2011, the non-tribal,
U.S. fishery has been fully rationalized with allocationghe form of IFQs to the shore-baseds
sector and group shares to cooperatives in the at-sea rabijpemd catcher-processor sectors.
Starting in 1996, the Makah Indian Tribe has also conductishary with a specified allocations:
in its “usual and accustomed fishing area”. 33

Shortly after the 1997 allocation agreement was approvethéyacific Marine Fisheries Com-.
mission (PMFC), fishing companies owning catcher-proae@3B) vessels with U.S. west coasts
groundfish permits established the Pacific Whiting CongemvaCooperative (PWCC). The pri-se
mary role of the PWCC is to distribute the CP allocation amitgnembers in order to achieves
greater efficiency and product quality, as well as promotedyctions in waste and bycatch rates
relative to the former “derby” fishery in which all vesselaygeeted for a fleet-wide quota. Thes
mothership fleet (MS) has also formed a co-operative whecatbli allocations are pooled ando
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shared among the vessels. The individual cooperativesihtarmal systems of in-season moni-:
toring and spatial closures to avoid and reduce bycatchlofasaand rockfish. The shore-based
fishery is managed with Individual Fishing Quotas (IFQ). 3

1.3.2 Management of Pacific Hake in Canada a

Canadian groundfish managers distribute their portion1@2) of the Total Allowable Catch s
(TAC) as quota to individual license holders. In 2015, Caaadhake fishermen were allocateds
a TAC of 114,928 t, including 14,793 t of uncaught carryoveh firom 2014. Canadian priority -
lies with the domestic fishery, but when there is determindattan excess of fish for which there iss
not enough shoreside processing capacity, fisheries magige consideration to a Joint-Venture,
fishery in which foreign processor vessels are allowed tetccodends from Canadian catches
vessels while at sea. The last joint venture program wasuaded in 2011. 11

In 2015, all Canadian Pacific Hake trips remained subjecOf@d observer coverage, by either.
electronic monitoring for the shoreside component of thelstic fishery or on-board observer fors
the freezer trawler component. All shoreside hake landiveyg also subject to 100% verification.
by the groundfish Dockside Monitoring Program (DMP). Retanof all catch, with the exception is
of prohibited species, was mandatory. The retention of gulish other than Sablefish, Mackereks
Walleye Pollock, and Pacific Halibut on non-observed buttedaically monitored, dedicated Pa+-
cific Hake trips, was not allowed to exceed 10% of the landéchoaeight. The bycatch allowance:s
for Walleye Pollock was 30% of the total landed weight. 10

1.4 FISHERIES

The fishery for the coastal population of Pacific Hake occlasgthe coasts of northern Califor-
nia, Oregon, Washington, and British Columbia primarilyidg May-November. The fishery is2:
conducted with mid-water trawls. Foreign fleets dominakedfishery until 1991, when domestic:
fleets began taking the majority of the catch. Catches werasianally greater than 200,000 t prioss
to 1986, and since then they have been greater than 200,00@lt €xcept four years, includingzs

2015. 25
A more detailed description of the history of the fishery isypded in the 2013 Pacific Hake stocks
assessmenHjcks et al, 2013. 27
1.4.1 Overview of the fisheries in 2015 28

The Joint Management Committee (JMC) determined an adjfstecarryovers) coast-wide catch
target of 440,000 t for 2015, with a U.S. allocation of 322,0773.88%) and a Canadian allocatior
of 114,928 1 (26.12%). A review of the 2015 fishery is giverobel 31
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United States 1

The U.S. adjusted allocation (i.e. adjusted for carryovef$825,072 t was further divided to re- »
search, tribal, catcher-processor, mothership, and dtased sectors. After the tribal allocations
of 17.5% (56,888 t), and a 1,500 t allocation for researckicand bycatch in non-groundfish.
fisheries, the 2015 non-tribal U.S. catch limit of 266,684asvallocated to the catcher/process
sor (34%), mothership (24%), and shore-based (42%) conaheectors. After reallocation of
30,000 t of tribal quota to non-tribal sectors on SeptemldetiZe catcher/processor, mothership;
and shore-based sectors total quotas were 100,873 t, 7t @0d 124,607 t, respectively. 8

Catch in the at-sea sectors was dominated by age-5 fish fre@0th0 year class, making up mores
than 70% of the total catch. While the catch from the shometaector had a higher proportion.
of age-7 fish from the 2008 year class (5%), more than 65% sfgbctor's catch was from then
2010 year class. 12

The overall catch of Pacific Hake in U.S. waters was much less anticipated. Tribal fisheries:s
did not land any hake in 2015. The catcher-processor, nsitiggrand shore-based fleets caught
67.9%, 38.8%, and 46.6% of their reallocated quotas, réispgc Overall, 170,917 t (52.6%) of 15
the total U.S. adjusted TAC was not caught. 16

The midwater fishery for Pacific Hake began on May 15 for theedbmsed and at-sea fisheries:
In previous years, the shore-based midwater fishery begaluima 15 north of 42N. latitude, 1s
but could fish for hake between ZBD’ N. and 42 N. latitudes starting on April 1. In 2015, thew
shorebased fishery was allowed to fish north 6f3@0 N. latitude starting May 15, and could fish:
south of 4030’ N. latitude starting on April 15. Regulations don't allat-sea processing south:
of 42° N. latitude at any time during the year. 2

The spring fishery began in May with high catch rates and fisktipfound off Oregon, although 23
some fish were caught off of Westport, WA. The fleets sometifiseed in deeper water than.
observed in past years (Figuse As time progressed, the fishery slowed with periods (Bibhc »s
several days) of slow fishing. During July and August, theestfishery did not fish hake, but these
were the months that the shorebased fishery had the largeghinoatches of the year. When the-
at-sea fleet returned in September, the catch rates for theaafleet had declined considerablys
From May through November, catch-rates declined conglgtéom approximately 50 t/hr to 2
about 5 t/hr (Figur®). Due to the low catch-rates in the fall (for all U.S. fleethg U.S. utilization 3o
rate was 47.4%. 31

Canada 32

The 2015 Canadian Pacific Hake domestic fishery removed 36 f660m Canadian waters, whichss
was 31.8% of the Canadian TAC of 114,928 t. 34

The shoreside component, made up of vessels landing frasd pyoduct onshore, landed 16,451
The freezer trawler component, made up of four vessels wheglzes headed and gutted produet
while at sea, landed 20,057 t. The year 2014 was the first iolwihie freezer trawler component-
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of the Canadian fleet landed more hake than the shoresideocanp 1

The Canadian fishery began in early May, approximately a veaelier than in 2014, and the last:
delivery for the Freezer trawler vessels was in late Novem8horeside deliveries continued tos
the end of December. In late May, the vessels made a move astiurther offshore, to avoid
large aggregations of age-1 hake that were appearing orhétie Many fishermen reported thats
these aggregations were the largest, acoustically, tlegthlhd seen in years. Gradually, these
aggregations covered more and more of the southwest of tiiadigrounds off the West coast -
of Vancouver Island, so fishing vessels moved North, intqpdegvater, to avoid the small fish. s
Industry reported an overall larger hake biomass in Canadgared to the last two years. 0

In mid-August, at the request of industry, DFO permittedtbevest of offshore hake for the pro-o
duction of fish meal. This required special permission fromMinister of Fisheries and Oceansy
as the production of fish meal is usually disallowed accaytiirthe Fisheries and Oceans act. This
request was made in response to poor market conditions i, 281ich were expected to continuas
into 2015. However, the markets were better than expectetiyéth poor prices for landed fisha
meal, the fleet processed only 68 t for this fishery. 15

The most abundant year classes in the Canadian Freezeettieatth were age 5 at 58.4%, age
6 at 12.3%, age 7 at 11.7%, and age 9 at 3.9%. The most aburetantlgsses in the Canadian-
Shoreside catch were age 5 at 63.5%, age 7 at 11.5%, age @&t &tl age 9 at 5.6%. Thes
distribution of catch by month remained similar to otherrgeavith the summer months showings
the greatest catch. 20

For an overview of Canadian catch by year and fleet, see Rable®r 2002, 2003, 2009, 2012 .:
2013, 2014 and 2015 there was no Joint-Venture fishery apgriait Canada and this is reflected-
as zero catch in that sector for those years in Table 23

The total U.S, Canadian and coastwide catches of Pacific f@kshown in Tabl8, together with 24

the percentage of the total catch that came from each country 25
2 DATA

Fishery-dependent and fishery-independent data souredshese (Figur®) include: 2

 Total catch from all U.S. and Canadian target fisheries §12615). 27

» Age compositions composed of data from the U.S. fishery%32@15) and the Canadiars
fishery (1990-2015). 20

» Biomass indices and age compositions from the Joint U &Camadian integrated acoustico
and trawl survey (1998, 2001, 2003, 2005, 2007, 2009, 20012,22013 and 2015). 31

The assessment model also used biological relationshipgddrom external analysis of auxiliary s>
data. These include: 33
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[

Mean observed weight-at-age from fishery and survey cai¢h875-2015).

» Ageing-error matrices based on cross-read and doulie-oéiad otoliths. 2

Proportion of female hake maturity by adedrn and Saunder997). 3

Some data sources were not included but have been exploeed,used for sensitivity analyses,.
or were included in previous stock assessments, but notsrstock assessment. Data sources
not discussed here have either been discussed at past Pak@assessment review meetings o¢
are discussed in more detail in the 2013 stock assessmamne@ot Hicks et al, 2013. Some of -

these additional data sources are: 8
 Fishery and acoustic survey length composition infororati 0
 Fishery and acoustic survey age-at-length compositifomrimation. 10

Biomass indices and age compositions from the Joint U.&Camadian integrated acoustic:

and trawl survey (1977, 1980, 1983, 1986, 1989 and 1992). 12
Bottom trawl surveys in the U.S. and Canada (various yeaispatial coverage from 1977—s
2015). 14
NWFSC/SWFSC/PWCC coast-wide juvenile hake and rockfisheys (2001-2015). 15

Bycatch of Pacific Hake in the trawl fishery for pink shrimi tife coast of Oregon, 2004, s
2005, 2007 and 2008. 17

Historical biological samples collected in Canada prof 990, but currently not available:s
in electronic form. 10

Historical biological samples collected in the U.S. ptiorl975, but currently not availablezo
in electronic form or too incomplete to allow analysis witketimods consistent with more:
current sampling programs. 2

CalCOFI larval hake production index, 1951-2006. The datace was previously explored:
and rejected as a potential index of hake spawning stockdsenand has not been revisitee
since the 2008 stock assessment. 25

Joint-U.S. and Canada acoustic survey index of age-1 P&tatke. 2

Histological analysis of ovary samples collected durimg 2009, and 2012—-2015 NWFSG:
bottom trawl surveys, the 2012, 2013, and 2015 acoustie@gsnand the at-sea fishery froms
2013 through 2015. 20
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2.1 FISHERY-DEPENDENT DATA
2.1.1 Total catch 1

The catch of Pacific Hake for 1966—2015 by nation and fishetjosés shown in Figurel and -
Tablesl, 2 and3. Catches in U.S. waters prior to 1978 are available only lay fremBailey etal. s
(1982 and historical assessment documents. Canadian catdbesopt989 are also unavailable 4
in disaggregated form. For more recent catches, haul otavigl information was available to s
partition the removals by month, during the hake fishing @eaand estimate bycatch rates froms
observer information at this temporal resolution. This &lésved a more detailed investigation of-
shifts in fishery timing (see Figure 5iraylor et al. 2014 The U.S. shore-based landings are from
the Pacific Fishery Information Network (PacFIN). Foreigrd goint-venture catches for 1981—
1990 and domestic at-sea catches for 1991-2015 are edifmatethe AFSC’s and, subsequentlyso
the NWFSC's at-sea hake observer programs stored in the NORRBtabase. Canadian Jointn
Venture catches from 1989 are from the Groundfish Biolodié&Bio) database, the shore-based
landings from 1989 to 1995 are from the Groundfish Catch (G¢tQalatabase, from 1996 to:s
March 31, 2007 from the Pacific Harvest Trawl (PacHarvTralafabase, and from April 1, 200714
to present from the Fisheries Operations System (FOS) asgaliscards are negligible relative tes
the total fishery catch. The vessels in the U.S. shore-baseetyi carry observers and are required
to retain all catch and bycatch for sampling by plant obssrvall U.S. at-sea vessels, Canadian
Joint-Venture, and Canadian freezer trawler catches argtaoned by at-sea observers. Observers
use volume/density methods to estimate total catch. Canatioreside landings are recorded hy
dockside monitors using total catch weights provided byessing plants. 20

2.1.2 Fishery biological data 21

Biological information from the U.S. at-sea commercial iRa¢dake fishery was extracted from:.
the NORPAC database. This included length, weight, and rsfgennation from the foreign and 23
joint-venture fisheries from 1975-1990, and from the domoesdtsea fishery from 1991-20152.
Specifically, these data include sex-specific length anddateewhich observers collect by selects
ing fish randomly from each haul for biological data collentand otolith extraction. Biological 2
samples from the U.S. shore-based fishery from 1991-2016 eadlected by port samplers lo-x
cated where there are substantial landings of Pacific Hakeaply Eureka, Newport, Astoria, and.s
Westport. Port samplers routinely take one sample per dffloatrip) consisting of 100 randomly 2o
selected fish for individual length and weight and from th@&efor otolith extraction. 30

The Canadian domestic fishery is subject to 100% observarage on the four freezer trawlen:
vesselsviking Enterprise Osprey #1 Northern Alliance andRaw Spirit which together make up s
a large portion of the Canadian catch (54.9% in 2015). Tratcexceeded that of the Shoreside
vessels for the first time in 2014. The Joint-Venture fishexy h00% observer coverage on thei
processing vessels, which in 2011 made up 16% of the Caneadiah, but has been non-existent
since. On observed freezer trawler trips, otoliths (foriageand lengths are sampled from Pacifie
Hake caught for each haul of the trip. The sampled weight fadrich biological information is s
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collected must be inferred from length-weight relatiopshiFor electronically observed shoreside
trips, port samplers obtain biological data from the landatth. Observed domestic haul-levek
information is then aggregated to the trip level to be cdasiswith the unobserved trips that ares
sampled in ports. a

The sampling unit for the shore-based fisheries is the tiplethe haul is the primary unit for the s
at-sea fisheries. Since detailed haul-level informatiamoisrecorded on trip landings documen-s
tation in the shore-based fishery, and hauls sampled in tkeaatishery cannot be aggregated te
a comparable trip level, there is no least common denomiriat@ggregating at-sea and shores
based fishery samples. As a result, sample sizes are singptyithmed hauls and trips for fisherys
biological data. The magnitude of this sampling among secamd over time is presented ino
Tableb. 11

Biological data were analyzed based on the sampling prt#ased to collect them, and expanded
to estimate the corresponding statistic from the entirddarcatch by fishery and year when sams
pling occurred. A description of the analytical steps fopaxding the age compositions can be
found in recent stock assessment documetitsk§ et al, 2013 Taylor et al, 2014). 15

The aggregate fishery age-composition data (1975-2015)mate well-known pattern of very 16
large cohorts born in 1980, 1984 and 1999 (Figdye The more recent age-composition data
consisted of high proportions of 2008 and 2010 year clasgbei2012 to 2015 fisheries (Figufe 15
In 2015, the 2012 and 2014 cohorts showed up as significapbprons given a large 2010 years
class. The above-average 2005 and 2006 year classes dadlipsportion in the 2011 fishery
samples, but have persisted in small proportions sincdithatin the fishery catch, although are:
much reduced recently due to mortality and the overwhelrB0@8 and 2010 cohorts. We caution.
that proportion-at-age data contains information aboetétative numbers-at-age, and these can
be affected by changing recruitment, selectivity or fismmgytality, making these data difficult t02.
interpret on their own. The assessment model is fitted teetata to estimate the absolute size of
incoming cohorts, which becomes more precise after theg baen observed several times (i.ez
encountered by the fishery and survey over several years). 27

Both the weight- and length-at-age information suggedthiade growth has changed markedly
over time (see Figure 7 iBtewart et al. 2011 This is particularly evident in the frequency of larges
fish (> 55 cm) before 1990 and a shift to much smaller fish in more tegears. The treatment of z
weight- and length-at-age are described in more detaildh@es2.3.3and2.3.4below. Although =
length composition data are not fit explicitly in the baseeasment models presented here, the
presence of the 2008 and 2010 year classes have been cleselyed in length data from both of:;
the U.S. fishery sectors, and the 2014 year class was appa2oi5. 34

2.1.3 Catch per unit effort 35

Calculation of a reliable fishery catch-per-unit-effortRl@E) metric is particularly problematicss
for Pacific Hake and it has never been used as a tuning indeastmssment of this stock. There
are many reasons that fishery CPUE would not index the abeedainPacific Hake which are ss

Pacific Hake assessment 2016-02-12 9 DRAFT - DO NOT CITE



discussed in the 2013 stock assessmidiaiks et al, 2013. 1

2.2 FISHERY-INDEPENDENT DATA

An acoustic survey of ageizhake was included in this assessment, while bottom traedrgeruit, -
and age-1 acoustic data sources were not used. See the A0k assessmenit(cks et al, 2013 s
for a more thorough description and history of these fishedgpendent data sources. 4

2.2.1 Acoustic survey 5

The joint U.S. and Canadian integrated acoustic and tramniegunas been the primary fishery-s
independent tool used to assess the distribution, abuedamt biology of coastal Pacific Hake-
along the west coasts of the United States and Canada. AedElt@story of the acoustic survey iss
given byStewart et al(2011). The acoustic surveys performed in 1998, 2001, 2003, 2206/, -
2009, 2011, 2012, 2013 and 2015 were used in this assesshadéahet §). The acoustic survey 1o
samples all waters off the coasts of the U.S. and Canada ltheagontain all portions of the 1:
Pacific Hake stock age 2 and older. Age-0 and age-1 hake hanehimorically excluded from the 1.
survey efforts, due to largely different schooling behaviative to older hake, concerns about
different catchability by the trawl gear, and differencesskpected location during the summet.
months when the survey takes place. However, observatfargeel are still collected during thes
survey, and an age-1 index has been developed. 16

A survey was completed in 2015 that covered U.S. and Canadiéers from the U.S./Mexico 1+
border to north of Haida Gwaii (Figur®). This was the first year that the Southern California
Bight was covered by this survey. The NOAA ship Bell M. Shimadmpleted the U.S. and met,
with the C.C.G.S. W. E. Ricker to interleave acoustic tratseff of Vancouver Island beforezo
the Ricker completed the rest of the survey around Haida GMaé Ricker was able to completex
additional transects off of Vancouver Island after the symwas complete. The Shimada performed
the Pacific Hake survey in collaboration with the SWFSC téembldata for coastal pelagic species
(CPS). Trawling for hake was done during the day while trag/fior CPS was performed at nighta.
Environmental data were collected along the transect and €3sts were completed at variouss
locations along the coast. 2

Distributions of hake backscatter plotted for each acousstivey since 1995 illustrate the variable
spatial patterns of age-2+ hake among years (Figur&his variability is partly due to the age ofzs
the population (older Pacific Hake tend to migrate farthethjpbut also environmental factorsze
The 1998 acoustic survey is notable because it shows ametyrenorthward occurrence that iso
thought to be related to the strong 1997-1998 El Nifio. Inmastf the distribution of hake durings:
the 2001 survey was compressed into the lower latitudesheficbast of Oregon and Northern:
California. In 2003, 2005 and 2007 the distribution of Packiake did not show an unusuaks
coast-wide pattern, but in 2009, 2011, 2012, and 2013 thenhapf the hake distribution was s.
again found in U.S. waters, which is more likely due to ageygosition than the environment,ss
although 2013 showed some warmer than average sea-swfaperatures. El Nifio conditionsss
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were prevalent in 2015, but an extreme northern distrilutias not observed by the survey. More:
Pacific Hake were observed in Canadian waters, but a largeraned backscatter was observed:
off Oregon and Washington during the period of time that thheey took place. 3

During the acoustic surveys, mid-water trawls are made dppistically to determine the species.
composition of observed acoustic sign and to obtain thettedgta necessary to scale the acoustic
backscatter into biomass (see Tabléor the number of trawls in each survey year). Biologicad
samples collected from these trawls were post-stratifiagdeth on similarity in size composition, -
and the composite length frequency was used to charactbezeake size distribution along eachs
transect and to predict the expected backscattering cexs®s for hake based on the fish sizes
target strength (TS) relationship. Any potential biasex thight be caused by factors such as
alternative TS relationships are partially accounted focatchability, but variability in the esti- 1:
mated survey biomass due to uncertainty in target stresgthtiexplicitly accounted for. 12

Acoustic survey data from 1995 onward have been analyzed gsostatistical techniques (krig-s
ing), which accounts for spatial correlation to provide atireate of total biomass as well as am
estimate of the year-specific sampling variability due ttcpimess of hake schools and irregulas
transectsRetitgas 1993 Rivoirard et al, 2000 Mello and Rose2005 Simmonds and MacLen- 1
nan 2006. Advantages to the kriging approach are discussed in th8 &@ck assessmemiicks 17
et al, 2013. In 2015, the data from all surveys since 1998 were scadthand reanalyzed usings
the same geostatistical techniques, but with more robgsinagtions. These assumptions include
the minimum number of points used to calculate the value iellaz decay of estimated biomass.
the farther predictions are made for the end of a transedtptrer parameters related to kriginga:
Therefore, the biomass indices (Taltlend Figure8) and age compositions (Figui® top) are 2
new for this assessment and different from the 2015 asses$haglor et al, 2015. 23

Results from research done in 2010 and 2014 on represeamtasis of the biological data (i.e. re=s
peated trawls at different depths and spatial locationherséme aggregation of hake) and sensi-
tivity analyses of stratified data showed that trawl sangpéind post-stratification is only a smalks
source of variability among all of the sources of variapilitherent to the acoustic analysis (see
Stewart et al. 2001 28

Estimated age-2+ biomass in the survey has increased Igteadr the four most recent surveyss
conducted in 2011-2013 and 2015. The 2015 survey biomassatstis 2.156 million metric so
tons, which is 1.69 times the 2012 survey biomass estimale3al times the 2011 acoustic:
survey biomass estimate (Talie@nd Figure8). The 2015 survey age composition was made up
of 58.98% age-5 fish from the 2010 year-class. 33

The acoustic survey biomass index included in the base n{@dble 6) includes an estimate of .
biomass outside the survey area that is expected to be pihseno the occurrence of fish at oes
near the western end of some survey transects. The methatrapelation has been the subjects
of some debate in recent reviews, hence the reanalysis ehtire time series using a more robust
parameterization in the kriging analysis. However, a timges without extrapolation is used ass
a sensitivity. The series without extrapolation is showTatle 7 and Figure9 along with the s
extrapolated time series. The largest percentage of etatga biomass in any year occurred i
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2005 and was 25.18% (with a minimum of 0.52% in 2011 and aregecof 8.89%). 1

The extrapolated survey time series was used in this aseas$an a number of reasons. First,»
some surveys have observed hake at or near the westermofeffglige of some transects. Second,
in 2014 and 2015, the U.S. at-sea fishery has caught a sigriioaount of hake farther offshore .
than where the survey normally covers, and a small amounaké lwhere caught at a locations
more than 100 miles off of the coast in 2015. Finally, the hdik&ribution is dynamic and changess
each year depending on the size of the population, the agetste, and environmental conditions.-
These inter-annual differences in distribution result waaying proportion of biomass outside ofs
the survey area, and by including an estimate of the biomatssde of the survey area, it will o
hopefully reduce the amount of annual variation in estimhatevey catchability. 10

The acoustic survey data in this assessment do not inclueld digh, although a separate age:
1 index has been explored in the past. This age-1 index is ins#ds stock assessment as &
sensitivity because more time is needed to develop andtigaés the index, the uncertainty ofis
each estimate is unknown, and the survey is not specificakbygded to representatively survey.
age-1 hake. Given the design changes that have occurredimegrthe index was not included:s
in the base model. However, the estimates that have beerdpdseem to track the estimateds
recruitment reasonably well (Figud®). The 2013 stock assessment provides a more detailed
description of the age-1 indekicks et al, 2013. 18

The JTC has also been using the simulation software dewtligpeecent Management Strategye
Evaluation (MSE) work Taylor et al, 2014 to test the potential benefit of an age-1 index under
alternative scenarios for the precision of this index re¢ato the survey of ages 2 and above:
These simulations showed that there is a small benefit tadinal an age-1 index, but improving.
the age-2+ survey had larger gains in achieving fishery anchgement goals. However, the costs
of improving the precision on the age-2+ biomass estimatesraich greater than the cost of.
analyzing the age-1 data that are already available. 25

2.2.2 Other fishery-independent data 2

Fishery-independent data from the Alaska Fisheries Sei&@mnter (AFSC) bottom trawl sur-27
vey, the Northwest Fishery Science Center (NWFSC) bottemltsurvey, the NWFSC and Pa-s
cific Whiting Conservation Cooperative (PWCC) pre-recautvey were not used in this assesss
ment. More information on these data sources is given in 8 3tock assessmeiitiCks et al, o
2013. 31

2.3 EXTERNALLY ANALYZED DATA
2.3.1 Maturity 32

The fraction mature, by size and age, is based on data reppi®rn and Saundef4997 and has s
remained unchanged in the base models since the 2006 ssedsagent. These data consisted of
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782 individual ovary collections based on visual maturgyetminations by observers. The highest
variability in the percentage of each length bin that wasumgatithin an age group occurred at-
ages 3 and 4, with virtually all age-1 fish immature and age a@éehmature. Within ages 3 ands
4, the proportion of mature hake increased with larger siggsh that only 25% were mature at.
31 cm while 100% were mature at 41 cm. 5

Histological samples have been collected during the 20082 2013, 2014, and 2015 U.S. bottoms
trawl surveys, during the 2012, 2013, and 2015 joint U.SAdarHake/Sardine acoustic surveys;
and from At-Sea hake Observer Program (ASHOP) observees @bt sea fishing vessels in 20135
2014, and 2015 (Tabl8). In the course of the surveys, length bins were targetedvary col- o
lection to ensure an even coverage. The protocol for cadledtom at-sea fishery vessels was to
randomly sample one ovary from the three fish randomly saghfpleotoliths. Fish were randomly 1:
sampled for otoliths every third haul. A fin clip was also ected with most histological samples:
for genetic determination of stock structure. 13

Tissue from each individual ovary was embedded in paraffim-$ectioned to 4/m, mounted 1.
on slides, and stained with hematoxylin and eosin (H&E)nstavlicroscopic examination was:s
done to determine oocyte development and maturity (pemntoMelissa Head, NWFSC). Ovaryie
samples were marked as mature when yolk was present in dye@ble oocyte. The presence-
of various oocyte stages was recorded, and a visual estoh#ite percentage of the sample that
showed atresia was also noted. Size and age of the fish wergsadtin the determination ofis
maturity. 20

Oocytes exhibiting atresia were noted with a visual esgénwdtthe percent atresia. If an ovary:
sample did not have yolk present in a healthy viable oocyten it was marked as immature.:
Specimens were classified as mature if they contained |largges with dark-stained vitellogenin.s
yolk or characteristics associated with more advancecdestagpent ovaries characterized by the
presence of large numbers of post ovulatory follicles (PCQifal immature oocytes were alsas
defined as mature. Fish that did not have yolk present but lagge or older were not changed tas
a mature status because of these biological factors. Reaaerin the determination of maturity-
for Pacific Hake was negligible (pers. comm., Melissa He&ljdes of ovary sections from the:s
trawl survey were re-evaluated to ensure consistency inniyatietermination. 20

Developing oocytes that indicated mature and possibly spayfish were present in sampleso
collected throughout the year. This suggests that Pacifietdae batch spawners with multiple:
spawning events in a yeatr. It is uncertain the extent to whighle eggs are produced throughout
the year and more investigation is required to determinewvgipawning that contributes to recruitss
ment actually occurs. A trawl/acoustic survey beginningamuary 2016 collected histologicas.
samples from hake observations, which may help determmephawning state of Pacific Hakess
Male hake spawning state may also be useful to investigdéato more about this. 36

No additional analysis of maturity samples collected in28&ve been done, but results reported
in the Pacific Hake assessment from 20Tay{or et al, 2015 indicated that maturity-at-age ands
length observations show differences across years. It &éas difficult to determine if these dif-so
ference are due to the source (bottom trawl, acoustic suovéySHOP) or the year. Investigatingso
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data through 2014 showed that Pacific Hake south of 34.5 dedaéitude (approximately Point :
Conception) mature at a smaller size (Figid¢. The trawl survey is the only source of the three
analyzed here that samples in that area, and genetic sam@lesollected in 2015 to determines
if there is any stock structure that could help to explais.téinother interesting observation from.
the maturity data is that there are large, old fish classifsetinanature Taylor et al, 2015. Itis s
believed that these fish may be mature, but are “skip spaivaedtswill not be spawning in the s
upcoming year. 7

It is unclear how the smaller size at maturity south of Pomi¢@ption fits into the determination s
of spawning biomass for Pacific Hake. Additionally, fecupsdit-age is ultimately the desired
metric to determine spawning biomass. Therefore, we heditamove forward with defining a 1o

new maturity curve until we complete the following: 1
1. read ages and histological sample from the 2015 collestio 12
2. further investigate the smaller maturity-at-lengthtbaaf Point Conception, 13

3. determine the significance of batch spawning and vighilitspawning events throughout.
the year, 15

4. study fecundity as a function of size, age, weight, andrbgpawning. 16

Hopefully, samples collected during the winter 2016 traad/ustic survey for Pacific Hake will 17
help to address these tasks. 18

2.3.2 Ageing error 10

The large inventory of Pacific Hake age determinations ohetumany duplicate reads of the same
otolith, either by more than one laboratory, or by more thae age-reader within a lab. Recent
stock assessments have utilized the cross- and doubls-teagenerate an ageing error vectos
describing the imprecision and bias in the observationges@s a function of fish age. New data
and analysis were used in the 2009 assessment to addresdiionadl process influencing thez.
ageing of hake: cohort-specific ageing error related to ¢tettive strength of a year-class. Thiss
process reflects a tendency for uncertain age determisatitobe assigned to predominant yeas
classes. The result is that the presence of strong yearslassnflated in the age data whiler
neighboring year-classes are under-represented retativeat would be observed if ageing erross
were consistent at age across cohorts. 20

To account for these observation errors in the model, ygeciic ageing-error matrices (definedo
via vectors of standard deviations of observed age at tre¢ @@ applied, where the standare
deviations of strong year classes were reduced by a constgportion. For the 2009 and 2010
assessments this proportion was determined empiricalgobyparing double-read error rates foss
strong year classes with rates for other year classes. 10, 20llind double-read study was cons.
ducted using otoliths collected across the years 2003-200@ read was conducted by a reader
who was aware of the year of collection, and therefore of geed the strong year classes in each
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sample, while the other read was performed by a reader wittrawledge of the year of collec- :
tion, and therefore with little or no information to indieatvhich ages would be more prevalent.
The resulting data were analyzed via an optimization reut;mestimate both ageing error ancs
the cohort effect. The resultant ageing error was simildéinéoageing error derived from the 2008.
analysis. The application of the cohort-specific ageingremas similar between assessments since
2011, with the ageing-error standard deviation reduced fagtar of 0.55 for the largest cohorts:
1980, 1984, 1999, and 2010. In the 2014 base momsll¢r et al, 2014, the 2008 cohort was -
also included in this set, but current estimates show thas-gkass to be enough less than the four
largest that a reduction in ageing was not included for tH@83@ear class in the 2015 assessment
(Taylor et al, 2015 as well as this assessment. Also, the model presented besendt include 1o
the reduction in ageing error for age-1 fish under the assomfitat they never represent a large
enough proportion of the samples to cause the cohort-effedensitivity analysis without any 1
cohort ageing error is provided in Secti8ril 13

2.3.3 Weight-at-age 14

A matrix of empirically derived population weight at age Bay is used in the current assessment
model to translate numbers-at-age directly to biomassgattFigurel2). Mean weight-at-age was:e
calculated from samples pooled from all fisheries and theistcosurvey for the years 1975 to
2015 (Figurel?). Past investigations into calculating weight-at-agetfar fishery and survey in- s
dependently showed little impact on model results. Agesritbaver for each year were pooleds
and assumed to have a constant weight-at-age. The conunisati age and year with no observax
tions were assumed to change linearly over time betweemadigmns at any given age. For those:
years before and after all the observations at a given agan meights were assumed to remais
constant prior to the first observation and after the lastoiadion. The number of samples is gens
erally proportional to the amount of catch, so the combaretiof year and age with no samples
should have relatively little importance in the overalliesttes of the population dynamics. Thes
use of empirical weight-at-age is a convenient method téucaphe variability in both the weight- 2
at-length relationship within and among years, as well asvtriability in length-at-age, without
requiring parametric models to represent these relatipasiHowever, this method requires thes
assumption that observed values are not biased by stroectisél at length or weight and thats
the spatial and temporal patterns of the data sources mavidpresentative view of the underlyso
ing population. Simulations performed Buriyama et al(2015 showed that, in general, using:
empirical weight-at-age when many observations are adail@sulted in more accurate estimates
of spawning biomass. 33

For purposes of forecasting, Stock Synthesis does not gletda options for averaging weight-at=.
age values from recent years as it does with selectivity éiner@uantities. Therefore, the meass
weights at each age in the forecast were set equal to the noceassaall years which thereforess
match the equilibrium and reference point calculationsaivieeight-at-age in 2015 was typicallys
slightly less than the mean weight-at-age over all years. 38
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2.3.4 Length-at-age 1

In the 2011 assessment modeBewart et al.2011) and in models used for management prios
to the 2006 stock assessment, temporal variability in leadtage was included in stock assesss
ments via the calculation of empirical weight-at-age. lea 2006 and subsequent assessments that
attempted to estimate the parameters describing a parargedwth curve, strong patterns haves
been identified in the observed data indicating sexuallyodihic and temporally variable growth. s
In aggregate, these patterns result in a greater amounboégs error for length-at-age than is:
easily accommodated with parametric growth models, arangits to explicitly model size-at-age s
dynamics (including use of both year-specific and cohoeBjr growth) have not been very suc-o
cessful for hake. Models have had great difficulty in makingdgctions that mimic the observed.
data. This was patrticularly evident in the residuals to émgth-frequency data from models prior:
to 2011. We have not revisited the potential avenues fori@dglmodeling variability in length- 1»
and weight-at age in this model, but retain the empiricateggh to weight-at-age used since 201
and described above. 14

2.4 ESTIMATED PARAMETERS AND PRIOR PROBABILITY DISTRIBUTI ONS

The estimated parameters and prior probability distrdmgiused in this stock assessment are
reported in Tabl®. Several important distributions are discussed in detdw. 16

2.4.1 Natural Mortality 17

Since the 2011 assessment, and again this year, a comhbimdtibe informative prior used in s
previous Canadian assessments and results from analysgaeenigs (1983 method support 1o
the use of a log-normal distribution with a median of 0.2 andgistandard deviation of 0.1.x
Historical treatment of natural mortality], is discussed in the 2013 stock assessnteickE et al, -:
2013. Sensitivity to this prior has been evaluated extensielypany previous hake assessments
(e.g.,Hicks et al. 2013and is repeated here (see Sectohl). Alternative prior distributions for 2s
M typically have a significant impact on the model results,ibihe absence of new informatior
on M, there has been little option to update the prior. 25

2.4.2 Steepness 26

The prior for steepness is based on the median (0.79), 2@W)(@nd 80th (0.87) percentiles from-
Myers et als (1999 meta-analysis of the famil§gadidag and has been used in U.S. assessments
since 2007. This prior is distributed Beta(9.76, 2.80) whi@nslates to a mean of 0.777 and a
standard deviation of 0.113. Sensitivities to the variamtéhe prior on steepness were evaluated
in the 2012 and 2013 assessmei@teyart et al.2012 Hicks et al, 2013. Sensitivities to the s
mean of the prior are explored in this assessment (see 8&clid). 3
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2.4.3 Variability on fishery selectivity deviations 1

Time-varying fishery selectivity was introduced in the 2@s$essment and was modelled with
yearly deviations applied individually to the parametensdelectivity-at-age (more detail on thes
parameterization is provided in Appendix CTdylor et al. 2014 A penalty function in the form .
of a normal distribution is applied to each deviation to kéepdeviation from straying far from s
zero, unless the data are overwhelming. The amount of dewiom zero is controlled by a fixed o
standard deviatiory. 7

A standard deviation ap = 0.03 for this penalty function was used for each age and wasatdd s
externally by treating the deviations as random effectsiategrating over them using the Laplaces
method, as described Ayorson et al(2014). This estimation procedure was not repeated for this
assessment arg= 0.03 was used again. 1

This parameterization allows for the estimation of timeyirag selectivity without allowing large -
year-to-year changes. However, the current selectivitgrpaterization is limiting because eachs
individual selectivity-at-age is correlated with the sty of other ages. Research into alternas
tive non-parametric time-varying selectivity configuaais is ongoing but no clear alternative was
available in Stock Synthesis for this assessment. 16

3 ASSESSMENT
3.1 MODELING HISTORY

In spite of the relatively short history of fishing, Pacifickéshave surely been subject to a larger
number of stock assessments than any marine species ofeftecaast of the U.S. and Canadas
These assessments have included a large variety of ageusédi models. Initially, a cohort anal-i
ysis tuned to fishery CPUE was usdetgncis et al.1982. Later, the cohort analysis was tuneeb
to NMFS triennial acoustic survey estimates of absolutedboce at ageHollowed et al, 1988.
Since 1989, stock-synthesis models using fishery categatdata and acoustic survey estimates
of population biomass and age composition have been thapriassessment methdddrn and s
Methot, 199]) 24

While the age-structured assessment form has remainelthssirice 1991, management proces
dures have been modified in a variety of ways. There have Wegnative data choices, post-datas
collection processing routines, different data weighsegemes, a huge number of structural as-
sumptions for the stock assessment model, and alternatnteot rules. 28

Data processing, choices, and weighting have been mod#iezta times in historical hake as—.
sessments. For example, acoustic data processing has bédrechover the years through mod-o
ifications to target strength calculatiori3grn and Saunderd 997 or the introduction of kriging s:
(Stewart and HameR010. While survey data have been the key index for abundance 418988, .
which surveys have been used have varied considerably:RBEANWFSC triennial bottom trawl 33
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survey was used from 1988 before being discarded from th@ 28€essment (dyamel and Stew-
art 2009. Acoustic surveys from the years prior to 1995 were use@ggzessments in the early-
1990s, butStewart et al(2017) reviewed these early surveys and deemed that their sagripid s
been insufficient to be comparable with more recent datapwsirecruitment indices have been
considered, but subsequently rejecteléléer et al.2002 2005 Stewart and HameR010. Even s
where data have been consistently used, their weightingarstatistical likelihood has varied s
through various emphasis factors (ebgprn 1994 Dorn et al. 1999 use of a multinomial sample -
size on age-compositioprn et al, 1999 Helser et al.2002 2005 Stewart et al.2011) and s
assumptions regarding survey variance. The list of chadigesissed above is for illustrative pur-o
poses only; it is only a small fraction of the different dateoices analysts have made and that
reviewers/panels have required. 1

The structure of assessment models has perhaps had thet langeber of changes. In terms of-
spatial models since 1994, analysts have considered lspgtiecit forms ©orn, 1994 1997), spa- 13
tially implicit forms (Helser et al.2006 and single-area modelStewart et al.2012. Predicted 14
recruitment has been modeled by sampling historical reorrit (e.g.Dorn 1994 Helser et al. 15
2005, using a stock-recruitment relationship parameterizédghysy and MSY Martell, 2010, 1
and using several alternative steepness prist@wart et al.2012 Hicks et al, 2013. Selectivity -
has also been modeled in several ways: it has been invaS8tewart et al.2012 Hicks et al, s
2013, time-varying with Helser et al.2002 and without Dorn, 1994 Dorn and Saunderd997 1o
Stewart et a].2012 Hicks et al, 2013 a random walk, age-baseddrn, 1994 Dorn and Saundefs 2o
1997 Stewart et al.2012 Hicks et al, 2013 and length-basedglser and Marte]l2007). 21

Several harvest control rules have been explored for proyicatch limits from these stock assess-
ments. Pacific Hake stock assessments have presenteddecadiers with constaft, variableF 2
and hybl’ld control ruIestpR:35%, Fspro40%, Fspr-400—40:10,Fspr-450, Fspr-450—40:10 and 2
Fspro50% (€.9.,Dorn 1996 Hicks et al. 2013 The above is only a small fraction of the numbes
of management procedures that have actually been invesdig@’ here have been many others
combinations of data, assessment model and harvest comgolln addition to the cases exam.-
ined in the assessment documents, there have been manyequosesied at assorted review paned
meetings. 20

While there have been many changes to Pacific Hake managenoertiures, they have not bees
capricious. Available data have changed over the yearstheame have been many advances in the
discipline of Fisheries Science. In some ways, the latterdvalved considerably over the course
of the historical hake fishery: new statistical techniqued software have evolved (Bayesians
vs. maximum likelihood methods for example); and the sdierliterature has suggested potens.
tially important biological dynamics to consider (expliciodeling of length-at-age for example)ss
Policies requiring the application of specific control sileave also changed such as the United
States’ National Standards Guidelines in 2002 andrgp@_4005—40:10 harvest control rule in Thes:
Agreement. Analysts making changes to Pacific Hake managgmnecedures have been tryings
to improve the caliber and relevance of the assessmentspgnding to new scientific develop-
ments, policy requirements, and different reviewers. Lthgé Management Strategy Evaluatior
(MSE) that was begun in 2018l{cks et al, 2013, none of these management procedure changes
were evaluated by simulation and quantitatively compari performance measures. a2
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3.2 RESPONSE TO RECENT REVIEW RECOMMENDATIONS
3.3 2016 SCIENTIFIC REVIEW GROUP (SRG) REVIEW

To be added after 2016 review. 1

3.4 2015 SCIENTIFIC REVIEW GROUP (SRG) REVIEW

The Scientific Review Group (SRG) meeting was held from Fatyr@4—27, 2015, at Simon Fraser
University, Vancouver, B.C, Canada. 3

The following are the Assessment Recommendations from @& SRG report, as listed from 4
highest to lowest priority, and associated responses fnedTC: 5

» Given the information and analyses presented to the SR@Gisatrteeting, the 2016 bases
assessment model should be fitted to a survey biomass indes g&arting in 1995) with -
no extrapolation. Sensitivity runs can be conducted toszstee effect of extrapolation in s
the survey index on the assessment, if extrapolation is@tggbby compelling evidence. o

Response — The acoustic survey biomass index included 20 flebase model includes ano
estimate of extrapolated biomass outside the survey asgastlexpected to be present due ta
the occurrence of fish at or near the western end of some straresects. A more robust (and:.
intuitive) parameterization in the kriging analysis waswaeted in 2015, resulting in a news
survey time series that did not show as large of an extrapdl&iomass when compared ta.
the old method, and incorporated a tapering function to emsutrapolated biomass becames
zero the further the prediction was from observed data. A& teries without extrapolationie
is used as a sensitivity (see Sect®thl). The extrapolated survey time series was usediin
this assessment for a number of reasons (see SeZtibhfor specifics). In short, inter- 1s
annual differences in distribution result in a varying poygion of biomass outside of theis
survey area, and by including an estimate of the biomassdruts the survey area, it will 2
hopefully reduce the amount of annual variation in estirdaervey catchability. 21

* Age-1 index — The SRG recommends that the next assessnamdena sensitivity run 2.
incorporating the age-1 acoustic index (which begins in5)%hown in Figure 8 of the 2
draft 2015 assessment document. Results of this run coulcsée to facilitate an MSE 2.
evaluation of the value of developing a formal age-1 index. 25

Response — The addition of a separate age-1 acoustic indegligled as a sensitivity run 2
to the 2016 base assessment model (see Se®tidh This age-1 index is used in this:
stock assessment as a sensitivity because more time isdhieedievelop and investigate thes
index, the uncertainty of each estimate is unknown, and iitiqudar because the survey isz
not specifically designed to survey age-1 hake. The JTC meseesults from closed-loopso
MSE simulations evaluating the effect of including potdrage-1 indices on management:
outcomes at the May 6-7 2015 JMC meeting in Victoria, B.C. 32
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* The SRG recommends that future stock assessments inaugéigty analyses that help .
communicate more of the key structural uncertainties inctireent assessment modelling-
framework. Two key sensitivities in previous Hake assesdsare the prior distributions s
on natural mortality and recruitment variation. The JTCudtlalefine a list of additional
uncertainties to be examined regularly. 5

Response — The JTC identified several key underlying stalctwdel assumptions that haves
persisted across previous hake assessments, and thusnveavisiting periodically as a set -
of reference sensitivity examinations to new base modéisseTlidentified here include thes
prior distribution specified for natural mortality, the lelof variation assumed about theo
stock-recruitment relationshipof), and the resiliency of the stock in terms of recruitmemt
(steepness). Additional sensitivity runs will always beassary and should be developed
according to the specifics of each assessment. 12

» High uncertainty about species/stock composition of #anetbping Hake fishery in Mexico 13
and of Hake found south of Point Conception in the southerifd@aia Bight does not 1.
support the inclusion of these fish in the assessment atithes tThe SRG encouragess
ongoing monitoring and collaborative research on stodkctire to resolve stock status:s
Anecdotal reports that Mexican catches of Hake have ineteagbstantially in recent years-
are a concern, especially should these catches come frosathe offshore stock of Hake:s
covered by this assessment. 19

Response — The JTC supports this recommendation and haszei contacts with Mexican 2o
counterparts. »1

* The SRG supports continued collection of ovaries acrossahge of Hake and analysis ot.
maturity schedules using histological techniques. Aredysonducted in 2014 show thats
maturity-at-length differs between northern and southeeas of the stock (based on a
break-point at Point Conception, 34). The SRG notes that the maturity-at-length curve
for the northern region is similar to the relationship usedhe current stock assessment
(based orborn and Saunders 1997Since most of the catch and estimated survey biomass
occurs above 3N, further work on defining the apparent difference betweamnhern and 2
southern regions is expected to have low relevance to tbk agsessment. However, furthes
investigation into the source of this difference, inclugithe possibility of a separate southso
ern stock or sub-species, is of interest for increasing adetstanding of Hake species. =

Response — Samples from Pacific Hake ovaries were collecglb from the NWFSC bot-s.
tom trawl survey, the acoustic survey, and the At-Sea Halse®br Program (U.S. catcher-s;
processors and motherships). In addition, fin clips weréectéd from these same fish fok.
future genetic studies. These new data are being preparddraaturation state is being ss
determined. It is expected that these data will be availablen for analysis, but it is not se
known when genetic analysis of the fin clips can be completed. 37
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3.5 MODEL DESCRIPTION
3.6 BASE MODEL

The 2016 base model is structurally an update of the baselnmotiee 2015 stock assessment.
Stock Synthesis version 3.24U (R. Methot, pers. comm.) vgasl Uthe same as for the previous
assessmenflaylor et al, 2015. The largest change between the 2016 and 2015 stock assess-
ments is the use of an updated acoustic survey index timesgarthe base model. Acoustic data
from 1998 to 2015 were reanalyzed, taking advantage of ingmments in methodology (including s
assumptions applied to the extrapolation of survey obsiensto areas beyond the spatial same
pling frame of the survey). At the time of this assessmerd,rdanalysis of 1995 acoustic datar
was incomplete and thus is omitted from the 2016 base modele-Varying fishery selectivity s
is retained in the 2016 base model as it has been applied 2diecke The parameterization of se-o
lectivity was also retained, although additional paramssteere required to estimate an additional
year of deviations. The acoustic survey selectivity is as=iito not change over time. Selectivity:
curves were modeled as non-parametric functions estigmatie-specific values for each age be-
ginning at age 2 for the acoustic survey (because age-1 gshainly excluded from the sampling:s
design) and age 1 for the fishery until a maximum age of 6 (dil @isand older have the sama.
selectivity). 15

Prior probability distributions remained unchanged frddi2 and fixed values are used for several
parameters. For the base model, the instantaneous rateucdimaortality (M) is estimated with a 17
lognormal prior having a median of 0.20 and a standard devi#in log-space) of 1.10 (describeds
further in Sectior?.4.1). The stock-recruitment function is a Beverton-Holt paed@nization, with 1o
the log of the mean unexploited recruitment freely estimhat&his assessment uses the same
Beta-distributed prior for stock-recruit steepndss based orMyers et al.(1999, that has been 2.
applied since 2011Stewart et al.2011, 2012 Hicks et al, 2013 Taylor et al, 2014 2015. Year- 2
specific recruitment deviations were estimated from 190662as well as the years 2017, 2018;
and 2019 for purposes of forecasting. The standard dewmiatjoof recruitment variability, serving 2
as both a recruitment deviation constraint and bias-cboreterm, is fixed at a value of 1.4 in thiszs
assessment. This value is based on consistency with thevedseariability in the time series 2
of recruitment deviation estimates, and is the same as &ssim2013, 2014 and 2015. Survey,
catchability was set at the median unbiased estimate edézlbnalytically as shown lyudwig s
and Walterg1981). Maturity and fecundity relationships are assumed to bedinvariant and o
fixed values remain unchanged from recent assessments. 30

Statistical likelihood functions used for data fitting aypital of many stock assessments. The
acoustic survey index of abundance was fit via a log-nornkalihiood function, using the ob- .
served (and extra 2009) sampling variability, estimatedckviging, as year-specific weighting. Anss
additional constant and additive standard deviation omatpescale component is included, whicha.
was freely estimated to accommodate unaccounted-for eeofgrocess and observation error. A
multinomial likelihood was applied to age-compositionajaveighted by the sum of the number ofs
trips or hauls actually sampled across all fishing fleets ta@shumber of trawl sets in the research
surveys. Input sample sizes were then iteratively dowrghted to allow for additional sourcesss
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of process and observation error. This process resultathedtinput sample sizes roughly equal
to the harmonic mean of the effective sample sizes after hibieg. Tuning quantities had pre- -
viously not changed since the 2012 assessment, howeveéioaddituning was required this year s
given the updated acoustic survey index composition dadaefinements to fishery composition.
data. 5

Uncertainty of estimated quantities was calculated viakdaChain Monte Carlo (MCMC) sim- &
ulations. The bounds of 95% credibility intervals were oddted as the 2.5% quantile and the
97.5% quantile of posterior distributions from the MCMC siations, to give equal-tailed inter- s
vals. 0

Calculations and figures from Stock Synthesis output wer®peed using R version 3.2.3 (2015
12-10) R Core Team2015 and many R packages (in particular r4ss and xtable). TheuRe 1.
knitr, IATEX and GitHub immensely facilitated the collaborative wrgiof this document. 12

3.7 MODELING RESULTS
3.7.1 Changes from 2015 13

A set of ‘bridging’ models was constructed to evaluate thajpgonent-specific effects of all changes
to the base model from 2015 to 2016. These changes includkating historic (pre-2015) catch,s
fishery age-composition, and weight-at-age data; reaimgjyand updating the acoustic survey inr
dex time series and age-composition data; adding 2015 eaudHishery age-composition dataj-
and ‘tuning’ the 2016 base model given the new survey timesand additional year of fisherys
data. Updating pre-2015 catch, fishery age-compositiotisv@nght-at-age data had no observable
effects on relative spawning biomass (Fig&. 20

The next bridging steps were to add the new acoustic suniyasha then insert the 2015 fishery:
data (Figurel4). The new survey time series spanned the years 1998 thrdidgh excluding 1995 2.
because these data were unavailable for reanalysis priloe ttompletion of this assessment. The
main difference from the addition of the new survey timeeseis a slight increase in spawning.
biomass resulting from a higher estimateByf and recruitment from the 2011 and 2012 yeas
classes. The overall trend and fit to the new survey indexndasi to that used in the previouszs
assessment (Figues, lower right panel). The addition of 2015 fishery data afelcestimates .-
of recent recruitment (2012—-2014). In particular, a retyi large proportion of age-1 fish weres
caught in the 2015 fishery, providing some evidence to thelfadipn model that 2014 could be a»
large year-class (Figure4, middle right panel). 30

The final bridging steps were to ‘tune’ the 2016 base modauifei15). Adjusting the main =
(full bias adjustment) and late (ramping down bias adjustinecruitment deviation periods tos:
corroborate with current data, led to small differences@2and 2013 recruitment deviationss
and hence spawning biomass during recent years. Tuningitiieysand fishery age-composition.
weights (harmonic mean approadicAllister and lanelli 1997 had a minor effect on modelss
results. More information about the 2016 base model is gexbelow. 36
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3.7.2 Assessment model results 1

Model Fit 2

For the base model, the MCMC chain was the same length as iB80th® assessmentdylor s
et al, 2019. This included 12,000,000 iterations with the first 2,@00, discarded to eliminate .
‘burn-in’ effects and retaining each 10,000th value thitezaresulting in 999 samples from thes
posterior distributions for model parameters and deriveahtjties. Stationarity of the posteriors
distribution for model parameters was re-assessed viata slistandard diagnostic tests. The
objective function, as well as all estimated parametersdanyed quantities, showed good mix-s
ing during the chain, no evidence for lack of convergence, law autocorrelation (Figure¥6 o
and17). Correlation-corrected effective sample sizes were @afft to summarize the posteriono
distributions and neither the Geweke nor the HiedelbengeéMselch statistics for these parameters
exceeded critical values more frequently than expectedavidom chance (FigutE8). Traceplots 1
show that the MCMC chain was well behaved and had little aurtetation (Figured6 and17. s
Correlations among key parameters were generally low, thighexception of natural mortality, 14
M, and the unexploited equilibrium recruitment level, (Bg); Figure19. Derived quantities for is
Recruitment in 2008 and 2010 as well as relative spawningnass in 2016 and the default harss
vest catch in 2016 were more highly correlated as expectahdhe dependencies among these
guantities (Figurd 9). An examination of deviations in recruitment (log-scaiféedences between s
estimated and expected recruitment values) from recents y{€&gure20) indicates the highest 1
correlation (0.78) between the 2008 and 2010 recruitmeriatiens. This is likely caused by thez
relative proportion of these two cohorts being better imfed by recent age composition data than
the absolute magnitude of these recruitments. 2

The base model fit to the acoustic survey biomass index inr€@Liremains similar to the 201523
base model, despite the inclusion of the reanalyzed timess#ris year. The 2001 data point.
continues to be well below any model predictions that weeduated, and no direct cause for thiss
is known. Although, the survey was conducted about one meatlier that year than all otherzs
surveys between 1995 and 2009 (Tab)lewhich may explain some portion of the anomaly, along
with EI Nifio conditions and age structure. The 2009 indexusimhigher than any predicted values
observed during model evaluation. The uncertainty of thisfas also higher than in other years;s
due to the presence of large numbers of Humboldt Squid dtinegurvey. The MLE and medianso
posterior density estimate underfit the 2015 survey inddxs 1B likely due to fishery data sug-s:
gesting slightly different population dynamics than thevey in recent years. This phenomenos
can arise when the fishery gets a prominent signal about &igh;Xs it did in 2015, whereas thes
survey contains information on age-2 and older fish. 34

Fits to the age-composition data continue to show closeespandence to the dominant cohorts
observed in the data and also the identification of small dehavhere the data give a consisse
tent signal (Figure22). Because of the time-varying fishery selectivity, the fitctmmmercial -
age-composition data is particularly good, although nm®aéth time-invariant selectivity usedss
in previous years also fit the age compositions well. The 2836 composition was dominateds
by age-5 fish from the 2010 year-class (70% of the catch in gherfy; 59% in the survey), with
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age-3 fish from the 2012 year-class making up the secondskacgbort in the observations. This:
pattern was expected given the strength of the 2010 cotwort fihe 2012 fishery composition data.
onwards, and thus are fit well by the model. Residual pattertise fishery and survey age datas
do not show patterns that would indicate systematic biasadehpredictions (Figurg3). a

Posterior distributions for both steepness and naturatatityrare strongly influenced by priors s
(Figure 24). The posterior for steepness was not updated much by tlae a@stexpected given s
the low sensitivity to steepness values found in previoke l@ssessments. The natural mortality
parameter, on the other hand, is shifted to the right of tier plistribution and the prior may be s
constraining the posterior distribution. Other parangegdowed updating from non-informatives
priors to stationary posterior distributions. 10

Fishery selectivity continues to have the largest estichdéwiations in 2010 and 2011 (Figu2s 1.
and26). Fishery selectivity in 2010 and 2011 show a more rapidease in selectivity-at-age:-
than most other years (almost fully selected by age-4 in 20fDage-3 in 2011). Even thoughs
the survey selectivity is time invariant, the posteriorwh@ broad band of uncertainty between
ages 2 and 5 (Figurg?). Fishery selectivity is likewise very uncertain (Figu2&and?27), but s
in spite of this uncertainty, changes in year-to-year pastén the estimates are still evident, pars
ticularly for age-3 and age-4 fish, though these patternsitaitgo reflect time-varying mortality 1+
processes. 18

Stock biomass 10

The base stock assessment model indicates that since tBe, Iécific Hake female spawningo
biomass has ranged from well below to near unfished equilib(Figure28and29and Tabled0
andl11l). The model estimates that it was below the unfished equifibim the 1960s and 1970s due:
to lower than average recruitment. The stock is estimatbdve increased rapidly to near unfished
equilibrium after two or more large recruitments in the ¢d880s, and then declined steadily aftex
a peak in the mid- to late-1980s to a low in 2000. This longqukof decline was followed by a s
brief increase to a peak in 2003 as the large 1999 year classeda The 1999 year class largelys
supported the fishery for several years due to relativeljlse@uitments between 2000 and 2007+
With the aging 1999 year class, median female spawning 8srdaclined throughout the lates
2000s, reaching a time-series low of 0.485 million t in 2008e assessment model estimates that
spawning biomass declined from 2014 to 2015 after five yefinscoeases from 2009 to 2014 s
The estimated increases were the result of a large 2010tcahd@an above-average 2008 cohost
surpassing the age at which gains in weight from growth agatgr than the loss in weight froms:
natural mortality. The model then estimates an increaga 20615 to 2016 due to an estimatees
large 2014 year class, which, on average, is similar to teesge estimated size of the 2010 yeas
class. 35

The median estimate of the 2016 relative spawning biomass\Wsng biomass at the start of 2016
divided by that at unfished equilibriurBg) is 75.5% but is highly uncertain (with a 95% posterio#
credibility interval from 34.9% to 160.7%; see Tablgsand11). The median estimate of the 2016
beginning of the year female spawning biomass is 1.828anitl{with a 95% posterior credibility so
interval from 0.735 to 4.166 million t). The estimated 20&mfAle spawning biomass is 1.522
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(0.660-3.215) million t. 1
Recruitment 2

The new data available for this assessment do not signifjcanange the estimated patterns ot
recruitment. Pacific Hake appear to have low average recemt with occasional large year- .
classes (Figure80 and31, Tables10and11l). Very large year classes in 1980, 1984, and 1999
supported much of the commercial catch from the 1980s to ide2@00s. From 2000 to 2007, s
estimated recruitment was at some of the lowest values itirtteeseries followed by a relatively -
large 2008 year class. The current assessment estimategsstreeg 2010 year class (Figus8) s
comprising 70% of the coast-wide commercial catch in 2073p ®f the 2014 catch, and 67%-
of the 2015 catch. The size of the 2010 year class is still macertain than cohorts that haveo
been observed for more years but the median estimate is doadédighest in the time series:
(after the 1980 recruitment estimate). The model curreggtjmates a small 2011 year class, ane
smaller than average 2012 and 2013 year classes (mediaitmesmt below the mean of all median:s
recruitments). The 2014 year class appears to be largematreaage, but is still highly uncertain.is
There is little or no information in the data to estimate tizes of the 2015 and 2016 year classes.
Retrospective analyses of year class strength for youndhéish shown the estimates of recent
recruitment to be unreliable prior to at least agéi&ks et al, 2013. 17

The estimated recruitments with uncertainty for each ptedipoint and the overall stock recruits
relationship are provided in (Figui@2). Extremely large variability about the expectation and
about the joint uncertainty of individual recruitment argh@ning biomass pairs are evident i
this plot. High and low recruitment has been produced thnoutjthe range of observed spawning
biomass (Figure&2). The standard deviation of the time series of median reoent deviation -
estimates for the years 1971-2012, which are well informetthb age compositions, is 1.43. Thiss
value is consistent with the base model valugof= 1.4. 24

Exploitation status 25

Median fishing intensity on the stock is estimated to haven litow theFspr-409, target except 2
for the years 2008 and 2010 when spawning biomass was lowr@=8¢ and TableslOand11). -
It should be noted, however, that the harvest in those yadraat exceed the catch limits thats
were specified, based on the best available science andshaordrol rules in place at the timezo
Exploitation fraction (catch divided by biomass of fish oka®and above) has shown relativelyo
similar patterns (Figur85 and and Table$0and11). Although similar patterns, the exploitatiors:
fraction (catch divided by biomass of ages 3 and above) doesatessarily correspond to fishing.
intensity because fishing intensity more directly accotmtshe age-structure. For example, fishs
ing intensity remained nearly constant from 2010 to 201 ltheiexploitation fraction declined insa
these years because of the large estimated proportion eatteld fish in the latter year. Mediarss
fishing intensity is estimated to have declined from 101.8%3010 to 49.7% in 2015, while thess
exploitation fraction has decreased from 0.27 in 2010 t@ 02015. Although there is a con-s
siderable amount of imprecision around these recent etgmthue to uncertainty in recruitments
and spawning biomass, the 95% posterior credibility irgko¥ fishing intensity is below the SPRo
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management target for the last three years. 1
Management performance 2

Over the last decade (2006—2015), the mean coast-wideatidln rate (i.e., landings/quota) hass
been 80.8% and catches have generally been below coastavits (Tablet). From 2011 to
2015, the mean utilization rates differed between the drfgtes (76.6%) and Canada (49.1%)
In 2015, the utilization rate for the fishery was the lowesthi@ previous decade (43.3%) due, ins
part, to difficulties locating aggregations of fish and pblyseconomic reasons. In years previous
to 2015, the underutilization in the United States was mnyasttesult of unrealized catch in thes
tribal apportionment, while reports from stakeholders Bn@da suggested that hake were less
aggregated in Canada and availability had declined. Tatalihgs last exceeded the coast-wide
guota in 2002 when utilization was 112%. 1

The median fishing intensity was below target in all yearepk008 and 2010 (Figu). The 1
female spawning biomass was above target until 1998 and alaw lbarget from 1998-2000 and:s
2006-2011. 14

The joint history of biomass and-target reference points shows that before 2007, median fish
ing intensity was below target and female spawning biomassmostly above target (Figugé). s
Between 2007 and 2011, however, median fishing intensityadrirom 88% to 105% and me-iz
dian relative spawning biomass between 0.20 and 0.28. Bistas risen recently with the 2008s
and 2010 recruitments and, correspondingly, fishing intess fallen below targets. Relatives
spawning biomass has been above the target since 2012. iNéikeis large uncertainty in thex
2015 estimates of fishing intensity and relative spawnimgniaiss, the model predicts a less than
1% joint probability of being both above the target fishinteirsity in 2015 and below the target.
relative spawning biomass at the start of 2016. 23

3.8 MODEL UNCERTAINTY

The base assessment model integrates over the substaicgsdainty associated with several imz.
portant model parameters including: acoustic survey edidity (q), the magnitude of the stockes
(via the lodRy) parameter for equilibrium recruitment, productivity oktlktock (via the steep-2s
ness parametehn, of the stock-recruitment relationship), the rate of naltamortality (M), annual 7
selectivity for key ages, and recruitment deviations. Theeutainty portrayed by the posterioss
distribution is a better representation of the uncertawityen compared to maximum likelihoocks
estimates (MLE) because it allows for asymmetry (Fig24ealso seeStewart et al(2012 for 3o
further discussion and examples). TabBshows that the median biomass, recruitment, and 2009
relative spawning biomass estimates from the posteritrildigion are larger than their respective:
MLEs, however some estimates (e.g., 2016 relative spawsimgass) are significantly smalleras
Figure37shows the MLE and Bayesian estimates as well as the skewedaimty in the posterior s
distributions for spawning biomass and recruitment folhegzar. 35

Uncertainty measures in the base model underestimate tleutacertainty in the current stockss
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status and projections because they do not account fonatbege structural models for hake popu-:
lation dynamics and fishery processes (e.g., recruitmelggctivity), the effects of data-weighting -
schemes, and the scientific basis for prior probabilityritigtions. To address structural uncertains
ties, the JTC investigated a range of alternative modetswanpresent a subset of key sensitivity
analyses in the main document. 5

The Pacific Hake stock displays a very high degree of recaritraariability, perhaps the largests
of any west coast groundfish stock, resulting in large anatiralomass changes. This volatility, -
coupled with a dynamic fishery that potentially targets rsgraohorts resulting in time-varying s
selectivity, and little data to inform incoming recruitmemtil the cohort is age 2 or greater, will o
in most circumstances continue to result in highly unceréstimates of current stock status and
even less-certain projections of the stock trajectory. 1

The JTC continues to be committed to advancing MSE analytsesjgh further internal technicali»
developments and by coordinating research with other gsisiin the region engaging in similar:s
research. Incorporating feedback from JMC/AP/SRG/MSEigaly Panels will ensure that the..
operating model is able to provide insight into the importguestions defined by these groupss
Specifically, the development of MSE tools to evaluate magmirces of uncertainty relating to:e
data, model structure and the harvest policy for this fisla@iy compare potential methods to ad-
dress them remains an important goal. If a spatially, sedlyoexplicit operating model is needed;s
then research should focus on how best to model these dysamicder to capture seasonal efro
fects and potential climate forcing influences in the simates. Further, investigations into thex
impact of making incorrect assumptions about the undeagly@eruitment process is central to the:
adequate characterization of uncertainty when applieddpgsed management procedures. 2

3.9 REFERENCE POINTS

We report estimates of the base reference points with postedibility intervals in Tablel4. 2
The estimates are slightly different than the estimatdsarptevious 2015 assessment with slightky
greater yields and biomasses estimated in this assessment. 25

3.10 MODEL PROJECTIONS

The median catch limit for 2016 based on the defeyHr-400—40:10 harvest policy is 804,399 t s
but has a wide range of uncertainty (Figl8®, with the 2.5% to 97.5% range being 288,483+
1,852,2201t. 28

Decision tables give projected population status (retespawning biomass) and fishing intensitys
relative to target fishing intensity, under different catdternatives for the base model (Tables o
andl16). The tables are organized such that the projected outcomea€h potential catch level andx
year (each row) can be evaluated across the quantiles (ne)umhthe posterior distribution. Ta-s.
ble 15 shows projected relative spawning biomass outcomes, drd Tashows projected fishing ss
intensity outcomes relative to the target fishing inten@sed on SPR; see table legend). 34
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Fishing intensity exceeding 100% indicates fishing in esaddheFspr-409, default harvest rate :
catch limit. This can happen for the median fishing intensit®016, 2017 and 2018 because the
Fspro409 default harvest-rate catch limit is calculated using basetelectivity from all years, s
whereas the forecasted catches are removed using sdieatigraged over the last five years. Rea
cent changes in selectivity will thus be reflected in the eieation of overfishing. An alternative s
catch level where median fishing intensity is 100% is progitte comparison (catch alternative s
e: FI=100%). 7

Management metrics that were identified as important todive Management Committee (JMC) s
and the Advisory Panel (AP) in 2012 are presented for pragjestto 2017 and 2018 (Tabldg o
and18). These metrics summarize the probability of various omtes from the base model giveno
each potential management action. Although not lineabhadvdities can be interpolated from this::
table for intermediate catch values. Fig@&shows the predicted relative spawning biomass tra-
jectory through 2018 for several of these management actidvith zero catch for the next twous
years, the biomass has a probability of 9% of decreasing #0h6 to 2017 (Tabld7 and Fig- 1.
ure40), and a probability of 17% of decreasing from 2017 to 201®&(@a8 and Figuretl). 15

The population is predicted to increase from 2016 to 201 wigreater than 50% probability for:e
all catch levels investigated up to 440,000 t (Tabteand Figure39). The model predicts high i~
biomass levels and the predicted probability of droppingwel0% in 2017 is less than 1% ands
the maximum probability of dropping beloByqy, is 16% for all catches explored. It should be
noted that the natural mortality rate has overtaken the troate for the 2010 year class, the moded
estimated below average recruitment for the 2011 and 20&txy but a large predicted 2014 yeas:
class will result in increases to the spawning biomass adetre maturity. The probability that the.-
2017 spawning biomass will be less than the 2016 spawningdss is greater than 50% for alkbs
catch levels greater than 440,000 t (Tabfeand Figure40). 24

3.11 SENSITIVITY ANALYSES

Sensitivity analyses were conducted to investigate inflaesf data inputs and structural uncers
tainty of the base model by investigating how changes to tbeeahaffected the estimated values
and derived quantities. For expediency, all sensitivitglgses compared MLE estimates rather
than MCMC posteriors. Therefore, the values reported belmwnot directly comparable to thes
base model values reported elsewhere (see T&blesnd19 for a set of comparisons of the bases
model to MLE estimates from the following sensitivity moslelThe sensitivities include the fol-so
lowing: 31

1. Change the external analysis used to develop the agep®t snrvey biomass index time-s»
series from an approach of using the K-S stratified kriginghme with extrapolation to 33

using the K-S stratified kriging method without extrapalati 34
2. Include the age-1 survey index as an additional sourcefafmation; 35
3. Assume no cohort-based ageing error (i.e., time invaageing error); 36
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4. Consideration of alternative maximum age assumptionesdtomating selectivity; 1
5. Consideration of a higher standard deviation on the pligiribution for natural mortality; -
6. Assume higher/lower variation about the stock-recraiitrcurve ;); and 3
7. Consideration of alternative values for steepness. 4

In general, none of the sensitivities resulted in any sigaift departure from the main populations
dynamics of the base model; all models showed large estihmateeases in spawning biomass ins
recent years that continues to be driven by the large 2016rtoh 7

The sensitivity of the base model to changes in the survem&ss estimates as a result of not
using the new extrapolation algorithm was conducted touatalthe impact of assuming negligibles
biomass outside the surveyed area, or equally, that thelgopudynamics in the survey area are
representative of the stock as a whole (see discussion itho8et2.1 above). The results of 1:
this model relative to the base model are shown in TdBland Figurest2 and43. In general, 12
the estimated population dynamics are similar, regarddéssxtrapolation, throughout most ofis
the time series. However, there is some divergence in rgaatestimates; e.g., the estimated
relative spawning biomass in 2016 is 78.0% for the base md#i extrapolation) and 81.5% 15
for the model without extrapolation. The 2016 default hatwntrol catch limit coming from the 16
base model is 710,754 t compared to 757,128 t for the modedjus extrapolation (using MLE 17
values). 18

The inclusion of the age-1 survey index provides an addifi@ource of information about theis
recruitment of different year classes (see discussion ai@e2.2.1), which can be particularly 2o
useful for the most recent years when little information ohart strength is otherwise availablez:
Compared to the base model, estimates of spawning biomdgsrethe time series are slightly 2.
lower than the base model due to the lower estimate of equifibunfished spawning biomass;s
yet are similar during the middle of the time series befokejing again towards the end of the.
time series (Figurd2; 2016 estimates at 78.0% of unfished biomass for the basel mod®3.2% s
for the age-1 index model). In terms of recruitment, the aAgedex tends to reduce uncertaintys
associated with the estimated deviations from the Bevétwolh stock-recruitment relationship.-
(Figure43). The most prominent of these reductions is for the 2014-gkess, where the estimateds
standard error is reduced by 36%. 20

The impact of assuming a time-invariant ageing error veotstead of a cohort-based ageing erras
matrix (as in the base model) was evaluated. The largesgelsaln model results are associated
with estimates of equilibrium unfished biomaBg (inder the time-invariant assumption decreases
by 13%), relative spawning biomass (increase of 20% in 2C4r&) recruitment (equilibrium un- ss
fished levels and annual deviations). These differences &t@m the population model beings.
restricted in the time-invariant case to fitting age-conijms data with a stationary level of mea-s
surement error associated with each age. 36

Selectivity in the base model is asymptotic, such that akagpual to or greater than the specified
maximum age (age-6) are fully selected. Three alternatimgimum age values (5, 7, and 12)s
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were considered to investigate the asymptotic properfiéisteery and survey selectivity patterns:
and the impact maximum age has on model behavior. Estimatpdlgtion trends throughout -
the time series are similar, irrespective of maximum aggufe44). However, absolute levels s
of spawning biomass are different, particularly for the-a@ecase, mainly as a result of scaling.
the population through estimat&j) and Ry parameters (Tabl&9). The most similar levels of s
spawning biomass compared to the base model are reachedusimna maximum age of 5
throughout all but the most recent years in the time seribgnvgetting the maximum age to 7 is-
most similar. A logical feature of many selectivity patteia the incremental increase (decrease)
in relative selectivity with age as the fully selected agagproached (moved away from). For each
of the three alternative maximum age values, the estimatield 8&lectivity-at-age estimates areo
not continually increasing for survey (age-5, 7, and 12) fisitery (age-7, 12) selectivity patterns:
(Figure44). This feature is preserved in the base model (maximum agég of 12

Several key underlying structural model assumptions weeatified that have persisted across
many previous hake assessments, and thus warrant rayipginodically as a set of reference.
sensitivity examinations to new base models. Those idedtliiere include the specification ofs
natural mortality, the level of variation assumed aboutsfoek-recruitment relationshiy), and 1
the resiliency of the stock in terms of recruitment (stesgheThe sensitivity of the base model ter
changes in the input; and to the prior distributions for natural mortality andegieess were ex- 1s
plored. The standard deviation of the prior distributiomaitural mortality was increased from 0.%
(as inthe base model) to 0.2 and 0.3. The mean of the prigitaisbn on steepness was decreased
from 0.777 (base) to 0.500, and steepness was also fixed dttle@alue ofo; was changed from 2
a value of 1.4 (base) to alternative high (2.0) and low (1t&es. These key sensitivities had little-
effect on the overall estimated population trend througltoe time series (Figurd5), but they s
do have a significant impact on the estimated scale of thelatipo (quite different estimates:.
of Bp andRy parameters; Tabl20). The least influential in terms of relative spawning biomass
(Figure46) as compared to the base model is fixing steepness to 1.0giolgaihe prior mean on 2
steepness, and moderately changing the prior standardtide&von natural mortality (0.2). Thear
greatest difference in stock status compared to the baselmexiilts from changing the input forzs
or. Estimates of natural mortality increased from 0.215 far blase model (prior standard deviz
ation of 0.1) to 0.250 for the sensitivity run with the pridasdard deviation set to 0.3. Wheno
the mean of the prior distribution for steepness was chafiged 0.777 (base model) to 0.5, the:
estimate for steepness decreased from 0.861 to 0.602. 3

3.12 RETROSPECTIVE ANALYSES

Retrospective analyses were performed by iteratively xémgothe terminal years’ data and estiss
mating the parameters under the assumptions of the basd.vmtels with 4 or 5 years of datass
removed had little to no information available regarding ltiigh 2010 year class, and therefore es-
timated quite different trends in biomass relative to mexent models that contained informatioss
about the size of the 2010 cohort (Fig48. 37

Overall, there is little retrospective change to the retaspawning biomass trajectory up to the
mid-2000s, and most retrospective change occurs in the yawails of the retrospective modelso
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Retrospective estimates over the last 5 years have beerpbsitively and negatively biased. In .
the last 4 years, the stock assessment has retrospectngdyastimated the status, but removing 5
years of data resulted in the assessment substantialhestienating the status in the terminal year;
which is likely related to the dynamics introduced by thgé&2010 cohort and the high observed
survey biomass index in 2009. 5

Figure48 shows the retrospective patterns of estimated recruitad@nations for various cohorts.
The magnitude of the deviation is not well estimated untilesal (~4-7) years of fishery catch- -
at-age data and survey age-composition data have beentedllen the cohort. Very strong ands
weak cohorts tend to be identified in the model at a youngetlzaye intermediate cohorts. Foro
example, the strong 2010 cohort has been fairly well detezthin the model by age 3 and theo
weak 2007 cohort by age 5. The variability among cohort egtiirelative to their estimated size:
in the base model (Figur9) further indicates that the estimates start to improve gy ea age 3, 1
but some may not stabilize until the cohort approaches agranas of 7 years old. This illustratess
that multiple observations of each cohort are needed inrdodmore accurately determine theifs
recruitment strength. 15

A comparison of the actual assessment models used in eacbigea 1991 is shown in Figu®. 16
There have been substantial differences in model strd@ssamptions and thus results submitted
each year, which can clearly be seen by looking at the spawriomass trajectories. The vari-s
ability between models, especially early on in the timeesens larger than the uncertainty (95%
credibility interval) reported in any single model in retgears. One important avenue which was
investigated between 2004 and 2007 was the inclusion of@lediéferent, but fixed, survey catch-z:
ability (g) values followed by a span of years (2008 to present) whevastfreely estimated by the:
model. In all years prior to 2004, survey catchability wagdiat 1.0. The fixing of survey catch-s
ability had the effect of driving the estimate of initial Ion@ss upward, which in turn scaled the.
entire biomass trajectory up, leading to higher estimateslative spawning biomass than in mores
recent years. The 2016 base model estimates of spawningbsoane fairly consistent with recents
assessments, although the model structure has remaiadislei®i consistent, and the uncertainty-
intervals associated with recent assessments bracketdjoeityr of the historical estimates. 28

4 RESEARCH AND DATA NEEDS
4.1 RESEARCH AND DATA NEEDS FOR THE FUTURE

There are many research projects that could improve th& sissessment for Pacific Hake. The
following prioritized list of topics will lead to improvediblogical understanding and decisionse
making: 31

1. Investigate links between hake biomass, its spatiailigion and how these dynamics vary.
with ocean conditions and ecosystem variables such as tatape and prey availability. ss
These investigations have the potential to improve theatasconsidered in future man-.
agement strategy evaluation (MSE) work as well as providifigtter basic understandings
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of drivers of hake population dynamics and availability shéries and surveys. 1

2. Continue development of the MSE tools to evaluate majorcgs of uncertainty relating to -
data, model structure and the harvest policy for this fisla@y compare potential methodss
to address them. Incorporate the feedback from JMC/AP/SFSE&/ Advisory Panels into
operating model development. Specifically, making surettit@operating model is able to s
provide insight into the important questions defined by¢tggsups. If a spatially, seasonallys
explicit operating model is needed, then research shouwldsfon how best to model these-
dynamics in order to capture seasonal effects and poteslinaate forcing influences in s
the simulations (see item 1). Investigate the impact of mgkncorrect assumptions about,
the underlying recruitment process. Continue to coordimatr MSE research with other:o
scientists in the region engaging in similar research. 1

3. Conduct research to improve the acoustic survey estaratage and abundance. This:
includes, but is not limited to, species identificationgdrverification, target strength, di-is
rectionality of survey and alternative technologies tastgs the survey, as well as im-i.
proved and more efficient analysis methods. Apply bootpirgpmethods to the acousticis
survey time-series to incorporate more of the relevant iaiceies into the survey variances
calculations. These factors include the target strend#tioeship, subjective scoring ofir
echograms, thresholding methods, the species-mix and grapluic estimates used to in-s
terpret the acoustic backscatter, and others. Continuetk with acousticians and surveyo
personnel from the NWFSC, the SWFSC, and DFO to determinggamal design for the 2
Joint U.S./Canada Hake/Sardine survey. Develop automatid methods to allow for the:
availability of biomass and age composition estimatese@alifC in a timely manner after ax
survey is completed. 23

4. Continue to explore and develop statistical methods tamaterize time-varying fishery.
selectivity in the assessment and with regard to foreagstin 25

5. Continue to investigate maturity observations of Patifike and explore additional sam-s
pling sources to determine fecundity and when spawningrsceontinue to explore ways:»

to include new maturity estimates in the assessment. Thigdwovolve: 28
(a) Read ages for samples that do not currently have an age. 20
(b) Further investigation of the smaller maturity-at-ldmgouth of Point Conception. 30

(c) Determining the significance of batch spawning and litglof spawning events throughr
out the year. 3

(d) Studying fecundity as a function of size, age, weight| batch spawning. 33

6. Continue to explore alternative indices for juvenile ougg (O and/or 1 year old) Pacificss
Hake. 35

7. Continue to investigate alternative ways to model anedast recruitment, given the uncerss
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tainty present. 1

8. Conduct further exploration of ageing imprecision areleffects of large cohorts via simu- -
lation and blind source age-reading of samples with difigtinderlying age distributions — s
with and without dominant year classes. 4

9. Continue to collect and analyze life-history data, idahg weight, maturity and fecundity s
for Pacific Hake. Explore possible relationships amongeH#s history traits including s
time-varying changes as well as with body growth and popratensity. Currently avail- -
able information is limited and outdated. Continue to erplihe possibility of using addi- s
tional data types (such as length data) within the stocksassent. 0

10. Maintain the flexibility to undertake annual acoustio/gys for Pacific Hake under pressingo
circumstances in which uncertainty in the hake stock ass&sispresents a potential risk ta:
or underutilization of the stock. 12

11. Evaluate the quantity and quality of historical biokajidata (prior to 1989 from the Cana-s
dian fishery, and prior to 1975 from the U.S. fishery) for usagescomposition and weight-1.
at-age data, and/or any historical indications of abunédinctuations. 15

12. Consider alternative methods for treatment of recrentnvariability ;) including the use 16
of prior distributions derived from meta-analytic methpaisd for refining existing prior for 1~
natural mortality ¢). 18

13. Explore the potential to use acoustic data collectad tommercial fishing vessels to studys
hake distributions, schooling patterns, and other questad interest. This could be simi-2
lar to the “acoustic vessels of opportunity” program on fighwessels targeting Pollock in
Alaska. 2
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7 TABLES

Table 1. Annual catches of Pacific Hake (t) in U.S. waters by sectd@612016. Tribal catches are included
in the sector totals.

Year Foreign JV  Mothership Catcher-Processor Shore-basekearch Total
1966 137,000 0 0 0 0 0 137,000
1967 168,700 0 0 0 8,960 0 177,660
1968 60,660 0 0 0 160 0 60,820
1969 86,190 0 0 0 90 0 86,280
1970 159,510 0 0 0 70 0 159,580
1971 126,490 0 0 0 1,430 0 127,920
1972 74,090 0 0 0 40 0 74,130
1973 147,440 0 0 0 70 0 147,510
1974 194,110 0 0 0 0 0 194,110
1975 205,650 0 0 0 0 0 205,650
1976 231,330 0 0 0 220 0 231,550
1977 127,010 0 0 0 490 0 127,500
1978 96,827 860 0 0 690 0 98,377
1979 114,910 8,830 0 0 940 0 124,680
1980 44,023 27,537 0 0 790 0 72,350
1981 70,365 43,557 0 0 838 0 114,760
1982 7,089 67,465 0 0 1,027 0 75,581
1983 0 72,100 0 0 1,051 0 73,151
1984 14,772 78,889 0 0 2,721 0 96,382
1985 49,853 31,692 0 0 3,894 0 85,439
1986 69,861 81,640 0 0 3,465 0 154,966
1987 49,656 105,997 0 0 4,795 0 160,448
1988 18,041 135,781 0 0 6,867 0 160,690
1989 0 195,636 0 0 7,414 0 203,050
1990 0 170,972 0 4,537 9,632 0 185,142
1991 0 0 86,408 119,411 23,970 0 229,789
1992 0 0 36,721 117,981 56,127 0 210,829
1993 0 0 14,558 83,466 42,108 0 140,132
1994 0 0 93,610 86,251 73,616 0 253,477
1995 0 0 40,805 61,357 74,962 0 177,124
1996 0 0 62,098 65,933 85,128 0 213,159
1997 0 0 75,128 70,832 87,416 0 233,376
1998 0 0 74,686 70,377 87,856 0 232,920
1999 0 0 73,440 67,655 83,470 0 224,565
2000 0 0 53,110 67,805 85,854 0 206,770
2001 0 0 41,901 58,628 73,412 0 173,940
2002 0 0 48,404 36,342 45,708 0 130,453
2003 0 0 45,396 41,214 55,335 0 141,945
2004 0 0 47,561 73,176 96,504 0 217,240
2005 0 0 72,178 78,890 109,052 0 260,120
2006 0 0 60,926 78,864 127,165 0 266,955
2007 0 0 52,977 73,263 91,441 0 217,682
2008 0 0 72,440 108,195 67,760 0 248,395
2009 0 0 37,550 34,552 49,223 0 121,325
2010 0 0 52,022 54,284 64,654 0 170,961
2011 0 0 56,394 71,678 102,147 1,042 231,262
2012 0 0 38,512 55,264 65,920 448 160,145
2013 0 0 52,470 77,950 102,143 1,018 233,581
2014 0 0 62,102 103,203 98,638 197 264,139
2015 0 0 27,661 68,484 58,010 0 154,155
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Table 2. Annual catches of Pacific Hake (t) in Canadian waters by §et®66-2016.

Year Foreign JV Shoreside Freezer-trawl Total
1966 700 0 0 0 700
1967 36,710 0 0 0 36,710
1968 61,360 0 0 0 61,360
1969 93,850 0 0 0 93,850
1970 75,010 0 0 0 75,010
1971 26,700 0 0 0 26,700
1972 43,410 0 0 0 43,410
1973 15,130 0 0 0 15,130
1974 17,150 0 0 0 17,150
1975 15,700 0 0 0 15,700
1976 5,970 0 0 0 5,970
1977 5,190 0 0 0 5,190
1978 3,450 1,810 0 0 5,260
1979 7,900 4,230 300 0 12,430
1980 5,270 12,210 100 0 17,580
1981 3,920 17,160 3,280 0 24,360
1982 12,480 19,680 0 0 32,160
1983 13,120 27,660 0 0 40,780
1984 13,200 28,910 0 0 42,110
1985 10,530 13,240 1,190 0 24,960
1986 23,740 30,140 1,770 0 55,650
1987 21,450 48,080 4,170 0 73,700
1988 38,080 49,240 830 0 88,150
1989 29,750 62,718 2,562 0 95,029
1990 3,810 68,314 4,021 0 76,144
1991 5,610 68,133 16,174 0 89,917
1992 0 68,779 20,043 0 88,822
1993 0 46,422 12,352 0 58,773
1994 0 85,154 23,776 0 108,930
1995 0 26,191 46,181 0 72,372
1996 0 66,779 26,360 0 93,139
1997 0 42,5544 49,227 0 91,771
1998 0 39,728 48,074 0 87,802
1999 0 17,201 70,121 0 87,322
2000 0 15,625 6,382 0 22,007
2001 0 21,650 31,935 0 53,585
2002 0 0 50,244 0 50,244
2003 0 0 63,217 0 63,217
2004 0 58,892 66,175 0 125,067
2005 0 15,695 77,335 9,985 103,014
2006 0 14,319 65,289 15,136 94,744
2007 0 6,780 55,390 13,537 75,707
2008 0 3,592 57,197 12,517 73,306
2009 0 0 43,774 12,073 55,847
2010 0 8,081 38,780 12,850 59,712
2011 0 9,717 36,632 14,060 60,409
2012 0 0 31,164 14,478 45,642
2013 0 0 33,451 18,583 52,033
2014 0 0 13,184 21,380 34,563
2015 0 0 16,451 20,057 36,507
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Table 3. Total U.S., Canadian and coastwide catches of Pacific Hafeo(h 1966-2016. The percentage
of the total catch from each country’s waters is also given.

Year Total U.S. Total Canada Total coastwide PercentU.SrcepeCanada

1966 137,000 700 137,700 99.5 0.5
1967 177,660 36,710 214,370 82.9 17.1
1968 60,820 61,360 122,180 49.8 50.2
1969 86,280 93,850 180,130 47.9 52.1
1970 159,580 75,010 234,590 68.0 32.0
1971 127,920 26,700 154,620 82.7 17.3
1972 74,130 43,410 117,540 63.1 36.9
1973 147,510 15,130 162,640 90.7 9.3
1974 194,110 17,150 211,260 91.9 8.1
1975 205,650 15,700 221,350 92.9 7.1
1976 231,550 5,970 237,520 97.5 2.5
1977 127,500 5,190 132,690 96.1 3.9
1978 98,377 5,260 103,637 94.9 5.1
1979 124,680 12,430 137,110 90.9 9.1
1980 72,350 17,580 89,930 80.5 19.5
1981 114,760 24,360 139,120 82.5 17.5
1982 75,581 32,160 107,741 70.2 29.8
1983 73,151 40,780 113,931 64.2 35.8
1984 96,382 42,110 138,492 69.6 30.4
1985 85,439 24,960 110,399 77.4 22.6
1986 154,966 55,650 210,616 73.6 26.4
1987 160,448 73,700 234,148 68.5 31.5
1988 160,690 88,150 248,840 64.6 35.4
1989 203,050 95,029 298,079 68.1 31.9
1990 185,142 76,144 261,286 70.9 29.1
1991 229,789 89,917 319,705 71.9 28.1
1992 210,829 88,822 299,650 70.4 29.6
1993 140,132 58,773 198,905 70.5 29.5
1994 253,477 108,930 362,407 69.9 30.1
1995 177,124 72,372 249,496 71.0 29.0
1996 213,159 93,139 306,299 69.6 30.4
1997 233,376 91,771 325,147 71.8 28.2
1998 232,920 87,802 320,722 72.6 27.4
1999 224,565 87,322 311,887 72.0 28.0
2000 206,770 22,007 228,777 90.4 9.6
2001 173,940 53,585 227,525 76.4 23.6
2002 130,453 50,244 180,697 72.2 27.8
2003 141,945 63,217 205,162 69.2 30.8
2004 217,240 125,067 342,307 63.5 36.5
2005 260,120 103,014 363,135 71.6 28.4
2006 266,955 94,744 361,699 73.8 26.2
2007 217,682 75,707 293,389 74.2 25.8
2008 248,395 73,306 321,701 77.2 22.8
2009 121,325 55,847 177,172 68.5 31.5
2010 170,961 59,712 230,672 74.1 25.9
2011 231,262 60,409 291,671 79.3 20.7
2012 160,145 45,642 205,787 77.8 22.2
2013 233,581 52,033 285,614 81.8 18.2
2014 264,139 34,563 298,703 88.4 11.6
2015 154,155 36,507 190,663 80.9 19.1
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Table 4. Recent trends in Pacific Hake landings and management alesisi

. us Canada Total
Coast-wide Canada us roportion roportion roportion
us Canadian Total (UsS+Canada) prop prop prop
Year . . . catch catch of catch of catch of catch
landings (t) landings (t) landings (t) catch
target (t) target (t) target target target
target (t)
removed removed removed
2006 266,955 94,744 361,699 364,842 95,297 269,545 99.0% A4%09 99.1%
2007 217,682 75,707 293,389 328,358 85,767 242,591 89.7% .3%88 89.4%
2008 248,395 73,306 321,701 364,842 95,297 269,545 92.2% .9%76 88.2%
2009 121,325 55,847 177,172 184,000 48,061 135,939 89.2%  6.2%l 96.3%
2010 170,961 59,712 230,672 262,500 68,565 193,935 88.2% 1987 87.9%
2011 231,262 60,409 291,671 393,751 102,848 290,903 79.5% 8.7%b 74.1%
2012 160,145 45,642 205,787 251,809 65,773 186,036 86.1% A%69 81.7%
2013 233,581 52,033 285,614 365,112 95,367 269,745 86.6% .6%64 78.2%
2014 264,139 34,563 298,703 428,000 111,794 316,206 83.5% 0.993 69.8%
2015 154,155 36,507 190,663 440,000 114,928 325,072 47.4%  1.8%3 43.3%
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Table 5. Annual summary of U.S. and Canadian fishery sampling includehis stock assessment. Cana-
dian, foreign, joint-venture and at-sea sectors are in murnbhauls sampled for age-composition, the
shore-based sector is in number of trips. A dash (-) indictitere was no catch to sample. A number
indicates how many samples from the catch were taken. Théeuaf fish with otoliths sampled per haul
has varied over time but is typically small (current proisdor the U.S. At-Sea sectors is 2 fish per haul).

U.S. Canada
Combined
. Joint- Mother- Mother- Catcher- Shore- Joint- . Freezer-

Year Foreign . ship . Shoreside

Venture ship processor  based Foreign Venture ) trawl

(hauls) — pauisy  (hauts)  CNE Tipauis)  (tips) auls)  TPS) (hauls)
processor
(hauls)

1975 13 - - - - 0 0 - - -
1976 142 - - - - 0 0 - - -
1977 320 - - - - 0 0 - - -
1978 336 5 - - - 0 0 0 - -
1979 99 17 - - - 0 0 0 0 -
1980 191 30 - - - 0 0 0 0 -
1981 113 41 - - - 0 0 0 0 -
1982 52 118 - - - 0 0 0 - -
1983 - 117 - - - 0 0 0 - -
1984 49 74 - - - 0 0 0 - -
1985 37 19 - - - 0 0 0 0 -
1986 88 32 - - - 0 0 0 0 -
1987 22 34 - - - 0 0 0 0 -
1988 39 42 - - - 0 0 3 0 -
1989 - 7 - - - 0 0 3 0 -
1990 - 143 - 0 - 15 0 5 0 -
1991 - - - 116 - 26 0 18 0 -
1992 - - - 164 - 46 - 33 0 -
1993 - - - 108 - 36 - 25 3 -
1994 - — - 143 - 50 — 41 1 -
1995 - - - 61 - 51 - 35 0 -
1996 - - - 123 - 35 - 28 0 -
1997 - - - 127 - 65 - 27 1 -
1998 - - - 149 - 64 - 21 9 -
1999 - - - 389 - 80 - 14 26 -
2000 - - - 413 - 91 - 25 1 -
2001 - - - 429 - 82 - 28 1 -
2002 - - - 342 - 71 - - 36 -
2003 - - - 358 - 78 - - 20 -
2004 - - - 381 - 72 - 20 28 -
2005 - - - 499 - 58 - 11 31 14
2006 - - - 549 - 83 - 21 21 46
2007 - - - 524 - 68 - 1 7 29
2008 - - 324 - 356 63 - 0 20 31
2009 - - 316 - 278 66 - - 7 19
2010 - - 443 - 331 75 - 0 8 17
2011 - - 481 - 506 81 - 2 4 7
2012 - - 299 - 332 76 - - 43 101
2013 - - 409 - 474 96 - - 10 105
2014 - - 400 - 490 64 - - 26 79
2015 - - 203 - 431 79 - - 6 74
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Table 6. Summary of the acoustic surveys from 1995 to 2015.

Biomass Number of
Year Startdate End date Vessels index Sampling CV  hauls with bio.
(million t) samples
Miller Freeman
1995 1-Jul 1-Sep Ricker - - -
1998 6-Jul  27-Aug MlerFreeman ;oo 0.053 105
Ricker
2001  15Jun  18-Aug “IerFreEman g ge) 0.106 57
Ricker
2003 29-Jun 1-Sep Ricker 2.138 0.064 71
2005 20-Jun 19-Aug Miller Freeman 1.376 0.064 a7
2007 20-Jun 21-Aug Miller Freeman 0.943 0.077 69
2009 30-Jun  7-Sep MilerFreeman ;oo 0.010 72
Ricker
2011  26:Jun  10-Sep Celommada g ez 0.118 46
Ricker
Bell Shimada
2012 23-Jun 7-Sep Ricker 1.279 0.067 94
F/V Forum Star
2013 13Jun  11-Sep Cenommada gy 0.065 67
Ricker
2015 15Jun  14-Sep CelShimada ;g 0.092 78
Ricker

Table 7. Biomass index estimates from the acoustic survey (thossgngsing kriging with extrapolation,
kriging without extrapolation, and design-based methods.

Biomass with  Sampling CV ~ Biomass no  Sampling CV Biomass
Year extrapolation with extrapolation no Design-based
(million t) extrapolation (million t) extrapolation (million t)

1995 - - - - -

1998 1.535 5.3% 1.305 1.8% 1.371
2001 0.862 10.6% 0.787 4.6% 0.738
2003 2.138 6.4% 1.880 2.7% 1.807
2005 1.376 6.4% 1.030 3.3% 0.931
2007 0.943 7.7% 0.894 3.3% 0.853
2009 1.502 10.0% 1.448 3.9% 1.338
2011 0.675 11.8% 0.671 3.9% 0.662
2012 1.279 6.7% 1.174 2.9% 1.124
2013 1.929 6.5% 1.803 3.1% 1.830
2015 2.156 9.2% 2.072 4.0% 2.128
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Table 8. Number of Pacific Hake ovaries collected for histologicadlgsis with maturity determined from
different years and different sources. Numbers for 201%egtminary and may be reduced when prepa-
ration of the samples is completed.

NWFSC . At-Sea Hake

Year  Trawl ASCSX/SGUC Observer

Survey y Program
2009 259 - -
2012 71 199 -
2013 70 254 209
2014 271 - 105
2015 293 193 210

Table 9. Summary of estimated model parameters and priors in therbadel. The Beta prior is parame-
terized with a mean and standard deviation. The Lognornsalillition is parameterized with the median
and standard deviation in log space.

Number Bounds Prior (Mean, SD)

Parameter estimated (low,high)  single value = fixed

Stock dynamics

Log(Ro) 1 (13,17) Uniform
Steepnesdj 1 (0.2,2) Beta(0.78,0.11)
Recruitment variability ¢;) - NA 1.4

Log Rec. deviations: 1946-2016 71 (-6,6) Lognormai{p,
Natural mortality 1) - (0.05,0.4) Lognormal(0.20,1.11)

Catchability and selectivity (double normal)
Acoustic survey

Catchability @) 1 NA Analytic solution
Additional value for survey log(SE) - (0.05,1.2) Uniform
Non-parametric age-based selectivity: ages 3—-6 4 (-5,9) ifotin
Fishery

Non-parametric age-based selectivity: ages 2—6 5 (-5,9) ifotin
Selectivity deviations (1991-2015, ages 2—6) 125 NA No(thal03)
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Table 10. Time-series of median posterior population estimates filmenbase model. Relative spawning
biomass is spawning biomass relative to the unfished equilib(By). Exploitation fraction is total catch
divided by total age-3+ biomass. (1-SPR)/(1-2&R is the fishing intensity relative to the default harvest
rate.

Female .
spawning Relative Age-0 (1-SPR) Exploitation
Year biomass spawning - rec T“'ts / fraction
(thousand 1) biomass  (millions)  (1-SPRygv)

1966 1,152 48.1% 1,522 41.6% 5.7%
1967 1,071 44.6% 3,336 60.3% 9.6%
1968 1,005 42.0% 2,304 43.7% 6.0%
1969 1,070 44.9% 954 56.6% 8.5%
1970 1,130 47.5% 8,594 64.7% 9.7%
1971 1,129 47.6% 817 48.7% 6.3%
1972 1,359 57.6% 527 37.7% 5.0%
1973 1,560 66.0% 4,814 40.4% 4.4%
1974 1,581 66.8% 444 47.2% 6.1%
1975 1,588 67.2% 1,390 41.1% 5.7%
1976 1,564 65.7% 395 37.8% 4.8%
1977 1,491 62.7% 5,555 26.9% 3.3%
1978 1,383 57.9% 322 24.6% 3.0%
1979 1,409 58.5% 922 29.9% 4.1%
1980 1,411 58.8% 17,614 23.1% 2.5%
1981 1,366 56.9% 342 35.2% 4.5%
1982 1,799 75.3% 300 30.2% 4.3%
1983 2,223 92.9% 459 23.6% 2.2%
1984 2,359 98.0% 13,004 25.8% 2.8%
1985 2,248 93.5% 243 21.2% 2.4%
1986 2,441 101.9% 292 34.9% 5.3%
1987 2,528 106.5% 5,299 37.3% 4.3%
1988 2,415 101.3% 2,338 39.4% 5.0%
1989 2,302 96.8% 258 51.1% 7.7%
1990 2,160 91.2% 3,998 43.8% 6.1%
1991 1,973 83.1% 1,079 54.6% 7.9%
1992 1,794 75.4% 228 59.0% 9.5%
1993 1,616 67.9% 2,821 52.6% 7.4%
1994 1,425 59.7% 3,009 76.4% 14.3%
1995 1,186 49.7% 1,149 66.5% 12.0%
1996 1,119 47.1% 1,603 80.1% 15.2%
1997 1,022 42.9% 1,267 84.8% 15.3%
1998 910 38.2% 1,910 90.2% 18.2%
1999 790 33.1% 11,330 97.5% 20.9%
2000 687 28.8% 317 77.5% 14.6%
2001 987 41.1% 1,181 73.1% 13.1%
2002 1,261 52.7% 68 48.7% 4.5%
2003 1,383 57.8% 1,421 50.7% 6.2%
2004 1,316 55.0% 93 73.4% 12.3%
2005 1,117 46.6% 2,325 80.4% 17.7%
2006 866 36.2% 1,860 92.6% 21.1%
2007 677 28.3% 56 98.2% 25.2%
2008 592 24.8% 5,397 105.1% 26.1%
2009 485 20.4% 1,102 88.2% 16.1%
2010 574 24.2% 14,548 101.8% 26.8%
2011 650 27.5% 503 98.4% 20.4%
2012 1,047 44.4% 1,563 77.9% 16.2%
2013 1,441 60.6% 950 68.6% 7.8%
2014 1,571 66.1% 10,984 65.0% 8.5%
2015 1,522 63.9% 1,136 49.7% 6.7%
2016 1,828 75.5% 1,241 102.2% 28.2%
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Table 11. Time-series of 95% posterior credibility intervals for tipeantities shown in Tabl&0.

Femgle Relative Age-0 (1-SPR) o
Year sp_awnmg spawning recruits / Exp|0|t_at|on
biomass biomass ~ (milions)  (1-SPRiges) M ocHon
(thousand t) °
1966 642-2,241 26.8- 89.1% 81-10,043 22.6-64.7% 3.0-10.6%
1967 596-2,103 25.3- 82.6% 148-14,970 33.9- 88.3% 5.09%8.7
1968 542-2,033 23.1-78.3% 168- 9,576 22.6-70.7% 2.8-12.1%
1969 608-2,116 26.2- 80.8% 83- 5,887 30.8- 85.0% 4.0-16.6%
1970 670-2,277 28.0- 84.9% 3,815-21,907 36.0- 94.5% 4.9%7
1971 654-2,306 27.5- 87.4% 72-3,718 24.0- 75.5% 3.1-10.6%
1972 794-2,823  34.0-104.5% 56- 2,277 18.6- 61.6% 2.4- 8.6%
1973 916-3,184 39.9-117.6% 2,296-11,661 19.3- 65.6% 26267
1974 919-3,216  39.5-119.6% 62- 1,861 24.3- 74.5% 3.0-10.4%
1975 899-3,229  39.0-120.9% 490- 3,936 20.5-67.1% 2.8-9.9%
1976 865-3,183 37.7-118.5% 51- 1,727 18.3- 62.7% 2.4-8.5%
1977 830-2,988 34.9-111.5% 2,517-11,468 12.8-47.4% 19645
1978 776-2,727  32.9-101.9% 29-1,581 11.6- 43.4% 1.5-5.2%
1979 795-2,676 34.5-97.8% 131- 3,271 14.8- 51.5% 2.1-7.2%
1980 799-2,601 34.9-95.6%  10,294-35,033 11.6- 40.9% 14844
1981 779-2,429 34.5-90.8% 40- 1,792 18.8-59.1% 2.5-8.0%
1982 1,100-3,129 48.3-114.6% 32- 1,382 15.9- 50.8% 2.867.5
1983 1,421-3,730 60.8-139.9% 55- 1,904 12.8- 39.2% 1.343.4
1984 1,525-3,837 64.8-145.1% 7,939-23,095 14.3-41.1% - 413%0
1985 1,488-3,563 62.9-136.0% 26- 1,324 11.8-34.1% 1.843.6
1986 1,697-3,749  70.6-145.1% 32-1,161 21.1- 52.6% 3.407.8
1987 1,832-3,774  75.3-147.0% 3,050- 9,175 23.4- 55.0% B4
1988 1,771-3,543  73.1-138.2% 900- 4,536 25.2- 56.5% 38%6.
1989 1,715-3,302  70.0-129.6% 29- 1,028 34.0- 70.1% 5.3%0.
1990 1,637-3,012 66.3-120.5% 2,411- 6,801 29.1- 60.8% 18
1991 1,514-2,690 61.4-108.7% 234-2,481 37.8-72.0% 5.89%0
1992 1,409-2,396 56.2- 97.6% 24- 825 41.1-77.1% 7.1-12.3%
1993 1,285-2,151 51.0- 87.5% 1,798- 4,634 37.3-68.9% 548469
1994 1,144-1,874 45.2- 76.6% 1,871- 4,722 56.7- 93.8% 10.8%
1995 955-1,574 37.8-63.8% 552- 2,097 48.8- 83.7% 9.1-15.1%
1996 920-1,458 35.7- 59.6% 935- 2,676 61.9- 97.6% 11.5948.9
1997 841-1,324 32.3-54.0% 640- 2,316 66.8-100.8% 11.9%38.
1998 750-1,191 28.8- 48.6% 1,146- 3,229  71.7-106.5% 13 992
1999 641-1,048 25.0-42.3% 8,169-17,123  77.5-114.1% 25.9%
2000 546- 917 21.7- 37.2% 63- 862 59.1- 95.3% 10.9-18.5%
2001 777-1,305 31.1-52.3% 721-1,839 55.2-90.7% 9.6-16.8%
2002 1,010-1,638 40.2- 66.4% 12- 244 34.1- 65.7% 3.4-5.6%
2003 1,140-1,760 44.7-71.7% 966- 2,175 36.7-67.4% 4.867.5
2004 1,101-1,647 43.1- 68.0% 17- 322 56.4- 91.5% 9.9-14.7%
2005 938-1,394 36.5-57.4% 1,628- 3,607 62.3- 98.2% 14.2921
2006 725-1,110 28.4- 45.1% 1,196- 3,080 74.3-108.5% 16.892
2007 551- 899 22.1- 35.9% 9-194  79.4-115.1% 19.2-30.7%
2008 467- 827 19.0- 32.0% 3,426- 9,393 85.7-121.4% 18.2983.
2009 360- 722 15.0- 27.7% 495-2,436  66.0-107.6% 10.9-21.7%
2010 409- 908 17.6- 34.4% 7,250-29,988  78.2-121.7% 17.5987
2011 434-1,100 18.8- 41.0% 124- 1,566 69.7-122.3% 12.3980.
2012 603-1,973 26.7- 75.1% 496- 4,272  50.6-106.7% 9.0926.9
2013 758-2,811  34.1-104.2% 149- 3,867 41.0-100.0% 4.0%5.
2014 763-3,170  34.1-117.7% 555-65,011 37.6- 98.7% 4.8%7.
2015 660-3,215 29.6-120.0% 64-17,918 26.7- 86.4% 3.2945.6
2016 735-4,166  34.9-160.7% 87-17,972  96.7-107.2% 20.6941
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Table 12. Estimated numbers at age at the beginning of the year frornabe model (MLE; million).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1966 1,743 1,257 833 619 487 399 337 289 250 216 187 161 138 1130 1433
1967 3,062 1,406 1,014 668 483 376 305 254 218 189 163 141 1214 1®89 402
1968 2,319 2,470 1,134 809 509 360 276 218 182 156 135 117 101 84 351
1969 1,176 1,871 1,992 908 629 391 274 207 164 136 117 101 88 76 819
1970 7,083 949 1,509 1,589 693 472 289 198 149 118 98 84 73 63 547 2
1971 909 5,715 765 1,200 1,195 508 339 201 138 104 82 68 59 51 431 2
1972 543 734 4,609 611 924 906 381 249 147 101 76 60 50 43 37 202
1973 4,062 438 592 3,692 477 712 692 287 187 111 76 57 45 38 32 180
1974 472 3,277 353 474 2,867 365 540 516 214 140 83 57 43 34 28 158
1975 1,228 381 2,643 282 364 2,169 273 395 377 156 102 61 41 31 236
1976 398 991 307 2,115 219 279 1,642 203 294 281 116 76 45 31 230 12
1977 4,697 321 799 246 1,647 168 212 1,233 152 221 211 87 57 34 238
1978 327 3,790 259 642 194 1,288 131 163 949 117 170 162 67 44 261 1
1979 954 263 3,057 208 507 152 1,005 101 126 734 91 131 126 52 348 9
1980 15,401 770 213 2,453 164 395 118 768 77 97 561 69 100 96 400 10
1981 357 12,426 621 171 1,941 129 309 91 596 60 75 435 54 78 74 109
1982 287 288 10,022 498 133 1,498 98 233 69 450 45 57 328 41 59 139
1983 472 231 232 8,041 391 104 1,158 75 178 53 344 35 43 251 31 151
1984 11,489 381 187 187 6,359 307 81 897 58 138 41 266 27 33 1941 14
1985 255 9,269 307 150 147 4,981 239 63 692 45 106 31 205 21 26 259
1986 283 206 7,477 247 119 116 3,909 186 49 539 35 83 24 160 16 222
1987 4,652 228 166 5,994 193 92 89 2,958 141 37 408 26 63 19 1210 18
1988 2,276 3,754 184 133 4,673 149 70 67 2,226 106 28 307 20 47 227
1989 267 1,836 3,027 147 103 3,589 113 53 50 1,666 79 21 230 15 B30
1990 3,589 216 1,481 2,416 113 78 2,660 82 38 36 1,207 58 15 1671 156
1991 1,112 2,896 174 1,184 1,869 86 59 1,968 61 28 27 893 43 113 1223
1992 215 897 2,335 138 897 1,391 63 42 1,419 44 20 19 644 31 8 178
1993 2,624 174 724 1,860 105 664 1,013 45 30 1,000 31 14 14 454 221
1994 2,750 2,117 140 577 1,420 79 491 732 32 22 723 22 10 10 3280 11
1995 1,096 2,218 1,706 111 427 1,011 54 316 471 21 14 465 14 7 62 28
1996 1,477 884 1,789 1,357 83 312 718 37 215 320 14 9 316 10 5 196
1997 1,158 1,192 713 1,409 978 58 210 459 23 137 205 9 6 202 6 128
1998 1,749 934 960 561 999 664 38 131 286 15 86 128 6 4 126 84
1999 10,271 1,412 753 753 389 661 421 23 79 172 9 51 76 3 2 126
2000 350 8,287 1,136 583 497 244 406 247 13 46 101 5 30 45 2 75
2001 1,069 282 6,680 902 432 354 166 255 155 8 29 63 3 19 28 48
2002 74 862 227 5,320 674 309 243 108 166 101 5 19 41 2 12 50
2003 1,304 60 696 182 4,136 512 230 176 78 120 73 4 14 30 2 45
2004 98 1,052 48 556 140 3,124 380 167 127 57 87 53 3 10 22 34
2005 2,102 79 848 38 409 100 2,166 252 111 85 38 58 35 2 7 37
2006 1,667 1,696 64 671 28 285 67 1,370 160 70 53 24 37 22 1 27
2007 56 1,345 1,367 50 467 18 177 39 796 93 41 31 14 21 13 17
2008 4,731 45 1,083 1,061 33 295 11 99 22 443 52 23 17 8 12 16
2009 1,010 3,817 36 838 689 20 163 5 49 11 218 25 11 9 4 14
2010 12,448 815 3,076 29 593 463 13 96 3 29 6 128 15 7 5 10
2011 505 10,044 656 2,379 18 343 266 7 54 2 16 4 72 8 4 9
2012 1,367 407 8,083 503 1,432 11 214 164 4 33 1 10 2 44 5 8
2013 987 1,103 328 6,340 355 972 7 141 108 3 22 1 7 1 29 8
2014 16,312 796 889 260 4,693 256 684 5 93 71 2 14 0 4 1 25
2015 2,595 13,161 642 706 194 3,433 181 462 3 63 48 1 10 0 3 18
2016 2,636 2,094 10,612 512 539 146 2,529 132 336 2 46 35 1 7 0 15
Pacific Hake assessment 2016-02-12 46 DRAFT - DO NOT CITE



Table 13. Select parameters, derived quantities, and reference ggtimates for the base model MLE and
posterior median (MCMC) estimates with an additional corigoa to posterior median estimates from
the previous (2015) base model.

Posterior
MLE Posterior median from
median 2015 base
model
Parameters
Natural Mortality (M) 0.215 0.225 0.223
Unfished recruitmentRy, millions) 14,796 14,952 14,888
Steepnesshj 0.861 0.816 0.814
Additional acoustic survey SD 0.271 0.336 0.376
Derived Quantities
2008 recruitment 4,731 5,397 5,987
2010 recruitment 12,448 14,548 14,799
Unfished female spawning bioma$%(thousand t) 2,227 2,403 2,269
2009 Relative Spawning Biomass 20.0% 20.4% 22.0%
2016 Relative Spawning Biomass 78.0% 63.9% 73.6%
2015 Fishing intensity: (1-SPR)/(1-SRd3) 56.1% 49.7% 103.5%
Reference Points (equilibrium) based orFspr_409
Female spawning biomasskdpr-40% (Bspr-40%, thousand t) 834 856 814
SPR atFspr-40% 40.0% 40.0% 40.0%
Exploitation Fraction corresponding to SPR 20.8% 21.8% 6%
Yield at Bspr-409 (thousand t) 361 382 362

Table 14. Summary of median and 95% credibility intervals of equilibn reference points for the Pacific
Hake base assessment model. Equilibrium reference poartssomputed using 1966—2015 averages for
mean size at age and selectivity at age.

. 2.0 . 97.5"
Quantity percentile Median percentile
Unfished female spawning bioma&g(thousand t) 1,913 2,403 3,138
Unfished recruitmentRp, millions) 1,966 3,116 5,303
Reference points (equilibrium) based orFspr-40%

Female spawning biomasskipr-409% (Bspr-40%, thousand t) 653 856 1,098
SPR atFspr_40% - 40% -
Exploitation fraction corresponding to SPR 18.3% 21.8% 26%
Yield at Bspr-409 (thousand t) 275 382 561
Reference points (equilibrium) based orB4gg, (40% of Bp)

Female spawning biomasB4p, thousand t) 765 961 1,255
SPR atBgu 40.6% 43.4% 51.1%
Exploitation fraction resulting B9 14.5% 18.9% 23.2%
Yield at Bsgy, (thousand t) 271 374 544
Reference points (equilibrium) based on estimated MSY

Female spawning biomasBy(sy, thousand t) 366 591 963
SPR at MSY 17.9% 28.7% 45.8%
Exploitation fraction corresponding to SPR at MSY 17.9% 833. 59.8%
MSY (thousand t) 285 404 603
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Table 15. Decision tables of forecast quantiles of Pacific Hake nadatpawning biomass at the beginning
of the year before fishing. Quantiles from the base model laogvs for various harvest alternatives
(rows) based on: constant catch levels (rows a, b, ¢, d),Al@efilom 2015 (row d), the catch values that
result in a median SPR ratio of 1.0 (row e), the median valgishated via the default harvest policy
(Fspr-40%—40:10) using the base model (row f), and the catch levelrdsatlts in a 50% probability that
the median projected catch will remain the same in 2016 add p@w g). Catch in 2018 does not impact
the beginning of the year biomass in 2018.

Within model quantile 5% 25% 50% 75% 95%
Management Action - ¢ lati . .
Year Catch (I Beginning of year relative spawning biomass
a 2016 0 40% 58% 75% 99% 142%
2017 0 46% 66% 89% 124% 209%
2018 0 48% 71% 97% 141% 247%
b: 2016 180,000 40% 58% 75% 99% 142%
2017 180,000 42% 62% 85% 120% 206%
2018 180,000 41% 64% 90% 134% 240%
C: 2016 350,000 40% 58% 75% 99% 142%
2017 350,000 38% 59% 82% 117% 202%
2018 350,000 34% 56% 84% 128% 234%
d: 2016 440,000 40% 58% 75% 99% 142%
2015 2017 440,000 36% 57% 80% 115% 200%
TAC 2018 440,000 30% 52% 81% 124% 230%
e: 2016 760,000 40% 58% 75% 99% 142%
Fl= 2017 855,000 30% 50% 73% 108% 194%
100% 2018 750,00¢ 17% 37% 66% 109% 216%
f: 2016 804,399 40% 58% 75% 99% 142%
default 2017 889,918 29% 49% 72% 107% 193%
HR 2018 785,036 15% 35% 64% 107% 214%
g 2016 873,000 40% 58% 75% 99% 142%
C2016= 2017 873,000 27% 48% 71% 106% 191%
C2017 2018 773,907 14% 34% 63% 106% 214%
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Table 16. Decision tables of forecast quantiles of Pacific Hake fisivitgnsity (1-SPR)/(1-SP3) for the
2016 — 2018 catch alternatives presented in Tablé/alues greater than 100% indicate fishing intensities
greater than the gy, harvest policy calculated using baseline selectivity.

Within model quantile 5% 25% 50% 75% 95%
Management Action o .
Year Catch (0 Fishing Intensity
a 2016 0 0% 0% 0% 0% 0%
2017 0 0% 0% 0% 0% 0%
2018 0 0% 0% 0% 0% 0%
b: 2016 180,000 24% 33% 42% 52% 72%
2017 180,000 15% 24% 34% 45% 64%
2018 180,000 13% 23% 33% 45% 65%
C: 2016 350,000 41% 55% 67% 79% 102%
2017 350,000 28% 43% 58% 74% 97%
2018 350,000 25% 41% 57% 76% 102%
d: 2016 440,000 49% 64% 76% 89% 111%
2015 2017 440,000 34% 51% 68% 85% 109%
TAC 2018 440,000 31% 50% 68% 89% 115%
e: 2016 760,000 70% 87% 100% 112% 130%
Fl= 2017 855,000 58% 81% 100% 117% 137%
100% 2018 750,000 49% 76% 100% 123% 141%
f: 2016 804,399 72% 89% 102% 114% 132%
default 2017 889,918 59% 83% 103% 119% 138%
HR 2018 785,036 51% 79% 103% 126% 141%
g 2016 873,000 76% 93% 106% 118% 134%
C2016= 2017 873,000 59% 82% 103% 120% 139%
C2017 2018 773,907 50% 79% 103% 126% 141%

Table 17. Probabilities related to spawning biomass, fishing intgnand 2017 catch limits for alternative
2016 catch options (catch options explained in Tdlae

Probability babili
. . . . Fishing Probability
Catch Probability Probability Probability Probability intensity 2017 Catch
in 2016 B2017<B2016 B2017<Baow B2017<B2sw B2017<Biow . 5916 Target
>40% Target<2016 Catch
a:0 9% 2% 0% 0% 0% 0%
b: 180,000 22% 4% 1% 0% 0% 0%
c: 350,000 32% 6% 1% 0% 6% 4%
d: 440,000 38% 7% 1% 0% 12% 9%
e: 760,000 53% 13% 3% 0% 50% 40%
f: 804,399 55% 14% 3% 0% 55% 44%
g: 873,000 57% 16% 4% 1% 62% 50%
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Table 18. Probabilities related to spawning biomass, fishing intgnand 2018 catch limits for alternative
2017 catch options (catch options explained in Tdlhe

Probability .
Fishin Probability
Catch Probability Probability Probability Probability intensitgy 2018 Catch
in 2017 B2018<B2017 B2018<Baows B2o1s<Basw B2018<Biow 50717 Target
>40% Target<2017 Catch
a:0 17% 2% 0% 0% 0% 0%
b: 180,000 30% 5% 1% 0% 0% 1%
c: 350,000 44% 9% 1% 0% 4% 5%
d: 440,000 50% 12% 3% 0% 11% 12%
e: 855,000 70% 27% 12% 2% 51% 54%
f: 889,918 71% 28% 14% 2% 54% 56%
g: 873,000 70% 29% 15% 3% 54% 56%

Table 19. Maximum likelihood estimates (MLE) of select parametersiivied quantities, and reference
points for the base model and sensitivity runs.

Max. Max. Max.
No Include age age age
Base extrapolation
model on age-1 of - of of
survey index  selectivity selectivity selectivity
5 7 12
Parameters
Natural Mortality (M) 0.215 0.215 0.214 0.214 0.214 0.211
Ry (millions) 14,796 14,812 14,799 14,792 14,762 14,711
Steepnesshj 0.861 0.861 0.860 0.858 0.864 0.869
Additional acoustic survey SD 0.271 0.349 0.265 0.272 0.254 0.247
Derived Quantities
2008 recruitment (millions) 4,731 4,935 5,227 4,536 4,642 ,894
2010 recruitment (millions) 12,448 12,982 14,422 11,027 ,092 12,793
By (thousand t) 2,227 2,247 2,238 2,230 2,169 2,105
2009 Relative Spawning Biomass 20.0% 20.4% 20.9% 20.0% %49.9 20.3%
2016 Relative Spawning Biomass 78.0% 81.5% 93.2% 70.2% %8.2 87.1%
2015 Fishing intensity: (1-SPR)/(1-SEd3%) 56.1% 53.7% 49.6% 58.3% 56.7% 56.8%
Reference Points based of 499,
Female Spawning BiomasBp(lo%; thousand t) 834 842 838 834 814 792
SPRysY-proxy 40.0% 40.0% 40.0% 40.0% 40.0% 40.0%
Exploitation Fraction corresponding to SPR 20.8% 20.9% 870. 20.7% 20.8% 20.7%
Yield atBg,, (thousand t) 361 365 362 359 352 340
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Table 20. Maximum likelihood estimates (MLE) of select parametersiivied quantities, and reference
points for the base model and sensitivity runs (describegkeirtion3.17)

Steepness Steepness Natural Natural

Sigma  Sigma

Base prior fixed mortality —mortality
R R
model 10 20 mean mean SD SD
' ' 0.5 1.0 0.2 0.3

Parameters
Natural Mortality (M) 0.215 0.209 0.224 0.222 0.213 0.237 0.250
Ry (millions) 14,796 14,420 15,691 15,000 14,737 15,038 15,17
Steepnesshj 0.861 0.853 0.894 0.602 1.000 0.850 0.845
Additional acoustic survey SD 0.271 0.270 0.271 0.272 0.270 0.272 0.272
Derived Quantities
2008 recruitment (millions) 4,731 4,432 5,206 4,986 4,668 ,70% 6,344
2010 recruitment (millions) 12,448 11,416 14,066 13,105 ,282 15,445 17,421
By (thousand t) 2,227 1,601 5,040 2,562 2,135 2,351 2,443
2009 Relative Spawning Biomass 20.0% 27.1% 9.3% 17.9% 20.7%21.0% 21.5%
2016 Relative Spawning Biomass 78.0% 85.5% 45.5% 69.3% 980.8 85.0% 88.6%
2015 Fishing intensity: (1-SPR)/(1-SRd3) 56.1% 60.1% 50.7% 53.9% 56.6% 47.3% 42.9%
Reference Points based of 40
Female Spawning BiomasBp(m%; thousand t) 834 597 1,924 720 854 875 907
SPRysY-proxy 40.0% 40.0% 40.0% 40.0% 40.0% 40.0% 40.0%
Exploitation Fraction corresponding to SPR 20.8% 20.3% 7%l. 21.5% 20.6% 23.0% 24.1%
Yield at Br.q, (thousand t) 361 252 867 322 366 418 455

Table 21. Select parameters, derived quantities, and reference psiimates for retrospective analyses
using the base model. Some values are implied since they aftew the ending year of the respective

retrospective analysis.

Base -1 -2 -3 -4 -5

model year years years years years
Parameters
Natural Mortality (M) 0.215 0.215 0.214 0.214 0.210 0.217
Ry (millions) 14,796 14,802 14,760 14,738 14,634 14,825
Steepnesd 0.861 0.863 0.862 0.865 0.859  0.856
Additional acoustic survey SD 0.271 0.290 0.299 0.370 0.484.281
Derived Quantities
2008 recruitment (millions) 4,731 5,027 5,135 4,952 3,767 ,009
2010 recruitment (millions) 12,448 12,296 13,057 10,184 692, 853
Bo (thousand t) 2,227 2,235 2,158 2,117 1,971 2,243
2009 Relative Spawning Biomass 20.0% 20.0% 19.5% 16.5% 9%14.435.5%
2016 Relative Spawning Biomass 78.0% 59.7% 60.9% 49.3% 9%13.537.8%
2015 Fishing intensity: (1-SPR)/(1-Skj%) 56.1% 57.0% 57.7% 65.8% 122.0% 67.7%
Reference Points based of 4q9,
Female Spawning BiomasBp(m%; thousand t) 834 839 809 795 738 838
SPRusY-proxy 40.0% 40.0% 40.0% 40.0% 40.0% 40.0%
Exploitation Fraction corresponding to SPR 20.8% 20.9% 8%0D. 20.8% 20.5% 21.2%
Yield atBr,, (thousandt) 361 363 350 344 314 369
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Figure 1. Overview map of the area in the Northeast Pacific Ocean oedupji Pacific Hakéommon areas
referred to in this document are shown.
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Figure 2. Spatial distribution of acoustic backscatter attribugatd Pacific Hake from joint US-Canada
acoustic surveys 1998-2015. Area of the circle is roughdpertional to observed backscatter.
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Data by type and year, circle area is relative to precision within data type
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Figure 3. Overview of data used in this assessment, 1966—-2015.
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Figure 4. Total Pacific Hake catch used in the assessment by sectd@-2965. U.S. tribal catches are
included in the appropriate sector.
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Figure 5. Distribution of fishing depths (left) and bottom depths litlg in fathoms, of Pacific Hake catches
in the U.S. at-sea fleet from 2008-2015.
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Figure 6. Unstandardized (raw) catch-rates (t/hr) of Pacific Hakelw by tow in the U.S. at-sea fleet in
2015.
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Figure 7. Age compositions for the acoustic survey (top) and the aggecfishery (bottom, all sectors

combined) for the years 1975-2015. Proportions in each siar to 1.0 and

area of the bubbles are

proportional to the proportion and consistent in both paiiste key at top). The largest bubble in the

survey data is 0.75 for age 3 in 2013 and in the fishery is 0.7&ade 3 in 2011.
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Figure 8. Acoustic survey biomass index (millions of metric tons).pAgximate 95% confidence intervals

are based on only sampling variability (1998-2007, 201152 addition to squid/hake apportionment
uncertainty (2009, in blue).
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Figure 9. Acoustic survey biomass indices with and without extrapmta(millions of metric tons). Ap-
proximate 95% confidence intervals are based on only sagwdinability (and squid/hake apportionment
uncertainty in 2009).
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Figure 10. Preliminary acoustic survey age-1 index overlaid on egtichaumbers of age-1 fish (MLE from
the base model).
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Figure 11. Observed proportion mature-at-length (bubbles with eigite relative to number of samples at
length), fitted proportion mature-at-length with an estimdaasymptote (lines), and number of samples at
length (barplots beneath each panel). Panels show cagsguirsource (top left), year (top right), source
and year (bottom left), and month (for the trawl survey ohlyttom right).
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Figure 12. Empirical weight-at-age (kg) used in the assessment (ntsniath colors given by the scale at
the bottom). Numbers shown in bold were interpolated oragxtiated from adjacent areas.
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Figure 13. Bridging models comparison showing the 2015 base modelran:tminal model from sequen-
tially updating all pre-2015 data. This included updatirghéry catch and age-compositions as well as
weight-at-age information. The points disconnected froetime-series on the left side show the unfished
equilibrium spawning biomass estimates.
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Figure 14. Bridging models showing the difference between the 2018 basdel and the sequential addi-
tion of the new acoustic survey time-series (1998-2015)thed the new 2015 fishery data. Spawning
biomass (upper panel), relative spawning biomass (spawiomass in each year relative to the unfished
equilibrium spawning biomass, middle left), absolute wagonent (middle right), recruitment deviations
(lower left), and survey index (lower right) are shown.
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Figure 15. Bridging models showing the difference between the 2016ymmed base model and the sequen-
tial addition of the main base model tuning runs (adjustingetperiods and levels for recruitment bias
and reweighting the survey and fishery compositional dak&g red line is equivalent to the 2016 base
model. Spawning biomass (upper left panel), relative sjpagvbiomass (spawning biomass in each year
relative to the unfished equilibrium spawning biomass, upigat), absolute recruitment (lower left), and

recruitment deviations (lower right) are shown.
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Figure 16. Summary of MCMC diagnostics for natural mortality (uppeneis) and logRo) (lower panels)

in the base model.
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Figure 17. Summary of MCMC diagnostics for steepness (upper panetkjtenadditional standard devia-

tion (SD) in the survey index (lower panels) in the base model
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Figure 19. Posterior correlations among key base-model parametdrdezived quantities. Numbers refer
to the absolute correlation coefficients, with font sizegamional to the square root of the coefficient.
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Figure 20. Posterior correlations among recruitment deviations freoent years. Numbers refer to the
absolute correlation coefficients, with font size propgmrél to the square root of the coefficient.
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Figure 21. Fits to the acoustic survey with 95% confidence intervalsiagidhe index points. Red and blue
thick lines are MLE and median MCMC expected survey estimatevery year, including years without
a survey. Thin blue lines show individual MCMC samples of éxpected survey biomass. Thicker
bars on uncertainty intervals around observed survey poidicate 95% log-normal uncertainty intervals

estimated by the kriging method. Longer bars indicate 95%erainty intervals with the MLE estimate
of additional uncertainty.
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Figure 22. Base model fit to the observed fishery (top) and acoustic gi{batom) age composition data.
Colored bars show observed proportions with colors folimyveach cohort across years. Points with
intervals indicate median expected proportions and 95%rtaioty intervals from the MCMC.
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Figure 23. Pearson residuals for base model MLE fits to the fishery ageaesition data. Closed bub-
bles are positive residuals (observed > expected) and oplelolds are negative residuals (observed <

expected).

Pacific Hake assessment 2016-02-12

71

DRAFT - DO NOT CITE



Natural mortality LN(RO)

M posterior
---- posterior
initial valu

0.05 010 0.15 020 025 030 035 0.40 13 14 15 16 17

Steepness Survey extra SD

0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 1.2

Figure 24. Prior (black lines) and posterior (gray histograms) prdlgitdistributions for key parameters
in the base model. From the top left, the parameters arepregss If), natural mortality 1), equilibrium
log recruitment logRy), and the additional process-error standard deviationh®@toustic survey. The
maximum likelihood estimates and associated symmetriertaiaty intervals are also shown (blue lines).
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Figure 25. Mountains plot of time varying fishery selectivity for thedgamodel. Range of selectivity is 0
to 1 in each year.
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Figure 26. Fishery selectivity sampled from posterior probabilitgtdbution by year. Black dots and bars
indicate the median and 95% credibility interval, respedyi The shaded polygon also shows the 95%
credibility interval. Range is from 0 to 1 within each yeael&:tivity for 1990 is shared for all years from
1966 to 1990.
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Figure 27. Estimated acoustic (top) and fishery (bottom) selecti@y16) ogives from the posterior distri-
bution.
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Figure 29. Median (solid line) of the posterior distribution for rele spawning biomass(/By) through
2016 with 95% posterior credibility intervals (shaded qré&zashed horizontal lines show 10%, 40% and
100% levels.
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Figure 30. Medians (solid circles) and means (x) of the posterior ifhigtion for recruitment (billions of
age-0) with 95% posterior credibility intervals (blue I&)e The median of the posterior distribution for
mean unfished equilibrium recruitmemRy] is shown as the horizontal dashed line with a 95% posterior
credibility interval shaded between the dotted lines.
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Figure 31. Medians (solid circles) of the posterior distribution fogtscale recruitment deviations with
95% posterior credibility intervals (blue lines). Recnu@nt deviations for the years 1946-1965 are used
to calculate the numbers at age in 1966, the initial year@htlodel. Deviations for the years 1970-2012
are constrained to sum to zero while deviations outsideréimge do not have a constraint.
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Figure 32. Estimated stock-recruit relationship for the base mod#h wiedian predicted recruitments and
95% posterior credibility intervals. Colors indicate tiperiod, with yellow colors in the early years
and blue colors in the recent years. The thick solid black iidicates the central tendency (mean) and
the red line the central tendency after bias correctingHerlbg-normal distribution (median). Shading
around stock-recruit curves indicates uncertainty in shagsociated with distribution of the steepness
parameterlf). The gray polygon on the right indicates the expectediligion of recruitments relative

to the unfished equilibrium.
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Figure 33. Bubble plot of maximum likelihood (MLE) estimates of popiidam numbers at age at the
beginning of each year, where diagonals follow each yessscthrough time. The red line represents the
mean age. The scale of the bubbles is represented in the laxg wie units are billions of fish (with the
largest bubble representing about 14 billion age-0 rexinii980).
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Figure 34. Trend in median fishing intensity (relative to the SPR mansayd target) through 2015 with
95% posterior credibility intervals. The management tedgdined in the Agreement is shown as a hori-

zontal line at 1.0.
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Figure 35. Trend in median exploitation fraction through 2015 with 9p&sterior credibility intervals.
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Figure 37. A comparison of maximum likelihood estimates with 95% coarffice intervals determined
from asymptotic variance estimates (red) to the medianeptisterior distribution with 95% credibility
intervals (black).
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Figure 38. The posterior distribution of the default 2016 catch limaiaulated using the default harvest
policy (Fspr-40%—40:10). The median is 804,399 t (vertical line), with thekdghaded area ranging from
the 2.5% quantile to the 97.5% quantile, covering the rar@$483-1,852,220 t.
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Figure 39. Time series of relative spawning biomass at the start of gaahuntil 2016 as estimated from
the base model, and forecast trajectories to the start & B@¥lseveral management options from the
decision table, with 95% posterior credibility intervalthe 2016 catch of 804,399 t was calculated using
the default harvest policy, as defined in the Agreement.
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Figure 40. Graphical representation of the base model results pegémiTablel? for various catches in
2016. The symbols indicate points that were computed dyré@m model output and lines interpolate

between the points.
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Figure 41. Graphical representation of the base model results pegémiTablel8 for catch in 2017. The
symbols indicate points that were computed directly frondet@utput and lines interpolate between the

points.
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Figure 42. Maximum likelihood estimates of spawning biomass for thesa@model and alternative sensitiv-
ity runs representing no extrapolation on the acousticesuestimate and inclusion of an age-1 index.
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Figure 43. Density plot showing the MLE recruitment deviate estimdteshe 2014 cohort for the base
model and alternative sensitivity runs representing neagxiation on the acoustic survey estimate and
inclusion of an age-1 index.
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Figure 44. Maximum likelihood estimates of spawning biomass and selgcfor the base model and
alternative sensitivity runs representing changes in tfeead maximum selectivity from the value of 6
in the base model. Selectivity panels are a) Base model, Ix) Mge of selectivity 5, ¢) Max. age of
selectivity 7, d) Max. age of selectivity 12
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Figure 45. Maximum likelihood estimates of spawning biomass for thesaodel and alternative sensitiv-
ity runs representing changesdp, steepness, and natural mortality parameters.
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Figure 46. Maximum likelihood estimates of stock status (relativevapiag biomass) for the base model
and alternative sensitivity runs representing changes teteepness, and natural mortality parameters.
See Figured5 for legend.
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Figure 47. Estimates of spawning biomass at the start of each year dtmpyecruitment (bottom) for the
base model and retrospective runs (based on MLE model runs).

Pacific Hake assessment 2016-02-12 88 DRAFT - DO NOT CITE



Recruitment deviation
o
|

2007

B ammm a ®1999

2004

- ©2000

2002

8 9 10 M

Age

12 13 14 15 16 17

Figure 48. Retrospective analysis of recruitment deviations from imaxn likelihood estimate (MLE)
models over the last 16 years. Recruitment deviations aréotirscale differences between recruitment
estimated by the model and expected recruitment from thersgrarecruit relationship. Lines represent
estimated recruitment deviations for cohorts from 19990042 with cohort birth year marked at the right
of each color-coded line. Values are estimated by modetgwata available only up to the year in which

each cohort was a given age.
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Figure 49. Retrospective recruitment estimates shown in Figi8scaled relative to the most recent esti-
mate of the strength of each cohort.
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Figure 50. Summary of historical Pacific Hake assessment estimatgsaefring biomass. Shading repre-
sents the approximate 95% confidence range from the 2016i@e.
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A GLOSSARY OF TERMS AND ACRONYMS USED IN THIS
DOCUMENT

Note: Many of these definitions are relevant to the histbmeanagement of Pacific Hake and.
the U.S. Pacific Fishery Management Council process, andnaleded here only to improve -
interpretability of previous assessment and backgroucdments. 3

40:10 harvest control rule: The calculation leading to ti&CAcatch level (see below) for future 4
years. This calculation decreases the catch linearly igiveonstant age structure ins
the population) from the catch implied by thgsy (see below) harvest level when thes
stock declines beloBspr-409 (See below) to a value of 0 Bspr-10%. 7

40:10 adjustment: a reduction in the overall total alloweatatch that is triggered when the biomass
falls below 40% of its average equilibrium level in the ab=eof fishing. This adjust- o
ment reduces the total allowable catch on a straight-lirsessldfeom the 40% level such
that the total allowable catch would equal zero when thekstoat 10% of its average 1
equilibrium level in the absence of fishing. 12

ABC: Acceptable biological catch. See below. 13

Acceptable biological catch (ABC): The acceptable biatagcatch is a scientific calculation ofis
the sustainable harvest level of a fishery used historitakgt the upper limit for fishery 15
removals by the Pacific Fishery Management Council. It isudated by applying the 1
estimated (or proxy) harvest rate that produces maximurtaisizble yield (MSY, see 17
below) to the estimated exploitable stock biomass (thegodf the fish population that s
can be harvested). For Pacific Hake/whiting, the calcutadidhe acceptable biologicalis
catch and application of the 40:10 adjustment is now replagéh the default harvest
rate and the Total Allowable Catch. 21

Adjusted: A term used to describe TAC or allocations thabaat for carryovers of uncaught catche
from previous years (see Carryover below). 23

Advisory Panel (AP): The advisory panel on Pacific Hake/ingitestablished by the Agree-
ment. 2

Agreement (“Treaty”): The Agreement between the goverrrokthe United States and the Gov-=s
ernment of Canada on Pacific Hake/whiting, signed at Se&tshington, on Novem- »»
ber 21, 2003, and entered into force June 25, 2008. 28

AFSC: Alaska Fisheries Science Center (National Marinbd¥igs Service). 20

Bo: The estimated average unfished equilibrium female spayimmass or spawning output ifso
not directly proportional to spawning biomass. 31

Bspr-100% The level of female spawning biomass (output) correspumthh 10% of average un-s.
fished equilibrium female spawning bioma8g,(size of fish stock without fishing; seess
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above). This is the level at which the calculated catch basdte 40:10 harvest control 1
rule (see above) is equal to O. 2

Bspr-409 The level of female spawning biomass (output) correspanthh 40% of average un- s
fished equilibrium female spawning bioma8g,(size of fish stock without fishing; see s
above). 5

Busy: The estimated female spawning biomass (output) that mexithe maximum sustainables
yleld (MSY). Also seeBspr_40%. 7

Backscatter: The scattering by a target back in the directi@n acoustic source. Specifically, thes
Nautical Area Scattering Coefficient (a measure of scatigoer area, denoted by SA)
is frequently referred to as backscatter. 10

California Current Ecosystem: The waters of the contirlesttalf and slope off the west coast:
of North America, commonly referring to the area from celh@alifornia to southern -
British Columbia. 13

Carryover: If at the end of the year, there are unharvestedaions, then there are provisions for.
an amount of these fish to be carried over into the next yelosation process. The is
Agreement states that “[I]f, in any year, a Party’s catctesslthan its individual TAC, 16
an amount equal to the shortfall shall be added to its ind&elidAC in the following 17
year, unless otherwise recommended by the JMC. Adjustrmendts this sub-paragraphs
shall in no case exceed 15 percent of a Party’s unadjust@éddodl TAC for the year 1o
in which the shortfall occurred.” 20

Case: A combination of the harvest polidysfr and control rule) and simulation assumptions
regarding the survey. Cases considered in the MSE are “AhriB&ennial”, “Perfect 2
information”, and “No Fishing”. 23

Catchability ): The parameter defining the proportionality between divaandex of stock abun- 2.
dance (often a fishery-independent survey) and the estinsttek abundance availables
to that survey (as modified by selectivity) in the assessmmexutel. 2

Catch-per-unit-effort (CPUE): A raw or (frequently) stamdized and model-based metric of fishe
ing success based on the catch and relative effort expeodgherate that catch. Catchas
per-unit-effort is often used as an index of stock abundamdke absence of fishery-2o
independent indices and/or where the two are believed todgopgional. 30

Catch range: A term used in the MSE to describe simulatiomgich the JIMC decision-making s:
process is modeled very simplistically as replacing any 6&ide of a particular ranges:
with the limit of the range, even when this differs from thef@dt harvest policy (see s
below). The catch may fall outside the range if the availdlbenass is insufficient to s.
support such removals. 35

Catch target: A general term used to describe the catch vakefor management. Depending o
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the context, this may be a limit rather than a target, and neaggoial to a TAC, an ABC, .
the median result of applying the default harvest policjgame other number. The JTC:
welcomes input from the JMC on the best terminology to uséfese quantities. 3

Closed-loop simulation: A subset of an MSE that iterativa@tyulates a population using an oper-
ating model, generates data from that population and péstgean estimation model, s
uses the estimation model and a management strategy talprmanagement advice, o
which then feeds back into the operating model to simulatadtitional fixed set of -
time before repeating this process. 8

Cohort: A group of fish born in the same year. Also see recriitrand year-class. 0

Constant catch: One of many ways of setting catch in the M&Ei$ case, the catch is set equab
to a fixed value in all years unless the available biomasssisfiicient to support such 1.
removals. 12

CPUE: Catch-per-unit-effort (see above). 13

CV: Coefficient of variation. A measure of uncertainty defirses the standard deviation (SD, seg
below) divided by the mean. 15

Default harvest policy (rate): The applicationfepr_s09 (See below) with the 40:10 adjustments
(see above). Having considered any advice provided by tle SRG or AP, the IMC -
may recommend a different harvest rate if the scientific @vog demonstrates that as
different rate is necessary to sustain the offshore Pacdlekvhiting resource. 19

Depletion: Term used for relative spawning biomass (seeweprior to the 2015 stock assess=
ment. “Relative depletion” was also used. 21

DFO: Fisheries and Oceans Canada. Federal organizatiamwlklivers programs and services
that support sustainable use and development of Canadteswegys and aquatic re-»s
sources. 2

DOC: United States Department of Commerce. Parent orgémizaf the National Marine Fish- 2
eries Service (NMFS). 26

El Nifilo: Abnormally warm ocean climate conditions in the i€ahia Current Ecosystem (seex
above) as a result of broad changes in the Eastern Pacificn@ceass the eastern coast
of Latin America (centered on Peru) often around the endettiendar year. 20

Estimation model: A single run of Stock Synthesis within anténation of Case, Simulationso
and Year. The directories containing these results are cdassess2012” through “as-s
sess2030” where the year value in this case representsstheskar of real or simulated s
data. The amount of data available to these models is threreémsistent with the stockss
assessments conducted in the years 2013-2031. There asérb@&fion Models for each s
of 999 Simulations within each of 4 Management strategiesa total of 71,928 model 35
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results. The estimation models use maximum likelihoodvestipn, not MCMC. 1

Exploitation fraction: A metric of fishing intensity thatpeesents the total annual catch divided
by the estimated population biomass over a range of agemassio be vulnerable to s
the fishery (set to agest3in recent assessments, including this one). This valuetis no
equivalent to the instantaneous rate of fishing mortalige (below) or the spawning s
potential ratio (SPR, see below). 6

F: Instantaneous rate of fishing mortality (or fishing motyalate); see below. 7

Fspro40v (F-40 Percent): The rate of fishing mortality estimated thuce the spawning potential s
ratio (SPR, see below) to 40%. 0

Fspro400—40:10 harvest policy: The default harvest policy (see ahov 10

Female spawning biomass: The biomass of mature female fikle &eginning of the year. Occa-:
sionally, especially in reference points, this term is ugethean spawning output (eX-i
pected egg production, see below) when this is not propwtito spawning biomass.is
See also spawning biomass. 14

Fishing intensity: A measure of the magnitude of fishingtredato a specified target. In thisis

assessment it is defined as: 16
1-SPR
relative SPR= ——— A.l
v 1—SPRog;’ (A1)
wherexx% is the 40% proxy. See Figuel. 17

Fishing mortality rate, or instantaneous rate of fishingtadidy (F): A metric of fishing intensity s
that is usually reported in relation to the most highly seddcages(s) or length(s), orws
occasionally as an average over an age range that is vula¢oahe fishery. Because itz
is an instantaneous rate operating simultaneously witlraktortality, it is not equiv- 2
alent to exploitation fraction (or percent annual remogale above) or the spawning-
potential ratio (SPR, see below). 23

Fusy: The rate of fishing mortality estimated to produce the maxmsustainable yield from thez.
stock. 25

Harvest strategy: A formal system for managing a fishery iheltides the elements shown ins
Figure A.1 ofTaylor et al.(2015. 27

Harvest control rule: A process for determining an ABC fromstack assessment. (See “40:1@
harvest control rule” above). 20

Joint Management Committee (JMC): The joint managementuitiee established by the Agree-so
ment. 31

Joint Technical Committee (JTC): The joint technical corttea established by the Agreement.
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Figure A.1. Achieved SPR as a function of fishing intensity for a targeR®#®40%, using the inverse of
(A.2).

The full formal name is “Joint Technical Committee of the iaddake/whiting Agree- .
ment Between the Governments of the United States and Canada 2

kt: Knots (nautical miles per hour). 3

Magnuson-Stevens Fishery Conservation and Management AetMSFCMA, sometimes known .
as the “Magnuson-Stevens Act”, established the 200-mheifisconservation zone, the s
regional fishery management council system, and other giong of U.S. marine fish-
ery law. 7

Management Strategy Evaluation (MSE): A formal proces®t@luating Harvest Strategies (see
above). 0

MAP: maximuma posterioriprobability. See below. 10

Markov-Chain Monte-Carlo (MCMC): A numerical method usedseample from the posteriori.
distribution (see below) of parameters and derived queasiih a Bayesian analysis. Itisi.
more computationally intensive than the maximum likelid@stimate (see above), buts
provides a more accurate depiction of parameter unceytegeStewart et al(2013 1.
for a discussion of issues related to differences betweeMM@nd MLE. 15

Maximuma posterioriprobability (MAP) estimate: mode of the posterior disttibn used as a 16
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point estimate which is similar to the penalized MLE. 1

N

Maximum likelihood estimate (MLE): Sometimes used intamgpeably with “maximum poste-
rior density estimate” or MPD. A numerical method used taneste a single value for
each of the parameters and derived quantities. It is lespatationally intensive than
MCMC methods (see below), but parameter uncertainty istefiharacterized. 5

w

Maximum posterior density (MPD) estimate: mode of the pastalistribution used as a point s
estimate which is similar to the penalized MLE. This is alsown as the “maximuma -
posteriorprobability” (MAP). 8

Maximum sustainable yield (MSY): An estimate of the largagrage annual catch that can be
continuously taken over a long period of time from a stockarrutevailing ecological 1o

and environmental conditions. 1
MCMC: Markov-Chain Monte-Carlo (see above). 12
MLE: Maximum likelihood estimate (see above). 13
MSE: Management Strategy Evaluation (see above). 14
MSY: Maximum sustainable yield (see above). 15

t: Metric ton(s). A unit of mass (often referred to as weigtdual to 1,000 kilograms or 2,204.62s

pounds. Previous stock assessments used the abbreviaiib(mfetric tons). 17
NA: Not available. 18
National Marine Fisheries Service: See NOAA Fisherieswelo 19
NMFS: National Marine Fisheries Service. See NOAA Fistsbelow. 20

NOAA Fisheries: The division of the United States Nationake@nic and Atmospheric Admin-2:
istration (NOAA) responsible for conservation and manageinof offshore fisheries 2
(and inland salmon). This agency was previously known adNgienal Marine Fish- 23
eries Service (NMFS), and both names are commonly usedsdirtie. 24

NORPAC: North Pacific Database Program. A database stori8gfidhery observer data collecteds
at sea. 26

NWFSC : Northwest Fisheries Science Center. A division oP@isheries located primarily in 27
Seattle, Washington, but also in Newport, Oregon and oteations. 28

Operating Model (OM): A model used to simulate data for us¢hin MSE (see above). Thes
operating model includes components for the stock and figharamics, as well as theso
simulation of the data sampling process, potentially iditig observation error. Cases:
in the MSE represent alternative configurations of the dpeyanodel. 32
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OM: Operating Model (see above). 1

Optimum yield: The amount of fish that will provide the gresiteverall benefit to the Nation, par- -
ticularly with respect to food production and recreatiomgportunities, and taking into s
account the protection of marine ecosystems. The OY is dpedlbased on the accept-»
able biological catch from the fishery, taking into acco@hvant economic, social, ands
ecological factors. In the case of overfished fisheries, tg@@vides for rebuildingto -
the target stock abundance. 7

QY: Optimum yield (see above). 8

PacFIN: Pacific Coast Fisheries Information Network. A bate that provides a central repository
for commercial fishery information from Washington, Oregand California. 10

PBS: Pacific Biological Station of Fisheries and Oceans Gan(®FO, see above), located in:
Nanaimo, British Columbia. 12

Pacific Fishery Management Council (PFMC): The U.S. orgation under which historical stocks
assessments for Pacific Hake/whiting were conducted. 14

Pacific Hake/whitingMerluccius productuare located in the offshore waters of the United States
and Canada (not including smaller stocks located in Puget@and the Strait of Geor- 16

gia). .

Posterior distribution: The probability distribution fparameters or derived quantities from &
Bayesian model representing the result of the prior prdipalistributions (see be- 1
low) being updated by the observed data via the likelihoagagn. For stock assess-o
ments, posterior distributions are approximated via nicaemethods; one frequently.:
employed method is MCMC (see above). 2

Prior distribution: Probability distribution for a parateein a Bayesian analysis that represents the
information available before evaluating the observed datahe likelihood equation. 2.
For some parameters, noninformative priors can be consttughich allow the data »s
to dominate the posterior distribution (see above). Foemogarameters, informativezs
priors can be constructed based on auxiliary informatiatl@mexpert knowledge or »-

opinions. 28
g: Catchability (see above). 20
Ro: Estimated average level of annual recruitment occurririgpdsee above). 30

Recruits/recruitment: A group of fish born in the same yeathe estimated production of news:
members to a fish population of the same age. Recruitmenpastesl at a specific life s
stage, often age 0 or 1, but sometimes corresponding to thataghich the fish first 33
become vulnerable to the fishery. See also cohort and yass-cl 34

Recruitment deviation: The offset of the recruitment in @egi year relative to the stock-recruits
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function; values occur on a logarithmic scale and are redat the expected recruitment.
at a given spawning biomass (see below). 2

Relative spawning biomass: The ratio of the estimated Ingggrof-the-year female spawning s
biomass to estimated average unfished equilibrium femaesipg biomasskp, see
above). Thus, lower values are associated with fewer métuanale fish. This term has s
been introduced in the 2015 stock assessment as a replaceméepletion” which ¢
was a source of some confusion. 7

Relative SPR: A measure of fishing intensity transformedaweehan interpretation more like: s
as fishing increases the metric increases. Relative SPReigatio of (1—- SPR to o
(1— SPRwos), Where “xx” is the proxy or estimated SPR rate that produc&M 10

Scientific Review Group (SRG): The scientific review groufabBshed by the Agreement. 1

Scientific and Statistical Committee (SSC): The scientificisory committee to the PFMC. The::
Magnuson-Stevens Act requires that each council mainte8&C to assist in gathering:s
and analyzing statistical, biological, ecological, eamimy social, and other scientificis
information that is relevant to the management of coundikiigs. 15

SD: Standard deviation. A measure of variability within engée. 16

Simulation: State of nature, including combination of paeters controlling stock productivity, :7
stock status, and time series of recruitment deviationer&lare 999 simulations foris
each case, numbered 2-1000. These simulation models apesaftom the MCMC 1o
calculations associated with a previous assessment model. 20

Spawning biomass: Abbreviated term for female spawningibgs (see above). 21

Spawning output: The total production of eggs (or possildyple egg equivalents if egg quality:-
is taken into account) given the number of females-at-age @aturity- and fecundity- »s
at-age). 24

Spawning potential ratio (SPR): A metric of fishing intepsiThe ratio of the spawning outputzs
per recruit under a given level of fishing to the estimatedwspag output per recruit in 2
the absence of fishing. It achieves a value of one in the abs#rfeshing and declines »»

toward zero as fishing intensity increases. 28
Spawning stock biomass (SSB): Alternative term for fempkaing biomass (see above). 20
SPR: Spawning potential ratio(see above). 30

SPRysy: The estimated spawning potential ratio that produces dhgest sustainable harvest:
(MSY). 32

SPRigw: The estimated spawning potential ratio that stabilizedé¢imale spawning biomass at thes
MSY-proxy target oBspr_40v%. Also referred to as SRy-proxy. 34
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SS: Stock Synthesis (see below). 1
SSC: Scientific and Statistical Committee (see above). 2

STAR Panel: Stock Assessment Review Panel. A panel set upwide independent review of s
all stock assessments used by the Pacific Fishery Manag&uoantil. a

Steepnesdhf: A stock-recruit relationship parameter representirggloportion ofRy expected s
(on average) when the female spawning biomass is reduce@oa2 By (i.e., when
relative spawning biomass is equal to 20%). This parameterbe thought of one -
important component to the productivity of the stock. 8

Stock Synthesis (SS): The age-structured stock assessnoel@l applied in this stock assess-

ment. 10
Target strength: The amount of backscatter from an indalidaoustic target. 1
TAC: Total allowable catch (see below). 12

Total allowable catch (TAC): The maximum fishery removal@rtie terms of the Agreement. 13

U.S./Canadian allocation: The division of the total allescatch of 73.88% as the United States:
share and 26.12% as Canada’s share. 15

Vulnerable biomass: The demographic portion of the stocklavle for harvest by the fish-1e
ery. 17

Year-class: A group of fish born in the same year. See als®itadnd ‘recruitment’. 18
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B ESTIMATED PARAMETERS IN THE BASE ASSESSMENT MODEL

Table B.1. Medians of estimated parameters for the base model.

Parameter Posterior median
NatM_p_1 Fem_GP_1 0.2250
SR_LN.RO. 14.9519
SR_BH_steep 0.8156
Q_extraSD_2_Acoustic_Survey 0.3362
Early_InitAge_20 -0.1075
Early_InitAge_19 -0.0180
Early_InitAge_18 -0.0524
Early_InitAge_17 -0.1042
Early_InitAge_16 -0.0505
Early_InitAge_15 -0.1099
Early_InitAge_14 -0.1314
Early_InitAge_13 -0.1532
Early_InitAge_12 -0.0933
Early_InitAge_11 -0.2719
Early_InitAge_10 -0.2536
Early_InitAge_9 -0.3170
Early_InitAge_8 -0.3601
Early_InitAge_7 -0.4066
Early_InitAge_6 -0.4965
Early_InitAge_5 -0.4663
Early_InitAge_4 -0.3756
Early_InitAge_3 -0.4220
Early_InitAge_2 -0.3161
Early_InitAge_1 -0.0727
Early_RecrDev_1966 0.3254
Early_RecrDev_1967 1.1600
Early_RecrDev_1968 0.7759
Early_RecrDev_1969 -0.0957
Main_RecrDev_1970 2.0959
Main_RecrDev_1971 -0.2719
Main_RecrDev_1972 -0.7303
Main_RecrDev_1973 1.4548
Main_RecrDev_1974 -0.9596
Main_RecrDev_1975 0.2290
Main_RecrDev_1976 -1.0623
Main_RecrDev_1977 1.5912
Main_RecrDev_1978 -1.2570
Main_RecrDev_1979 -0.1609
Main_RecrDev_1980 2.7691
Main_RecrDev_1981 -1.1953
Main_RecrDev_1982 -1.3574
Main_RecrDev_1983 -0.9548
Main_RecrDev_1984 2.4157
Main_RecrDev_1985 -1.5578
Main_RecrDev_1986 -1.4062
Main_RecrDev_1987 1.4867
Main_RecrDev_1988 0.7097
Main_RecrDev_1989 -1.5090
Main_RecrDev_1990 1.2327
Main_RecrDev_1991 -0.0681
Main_RecrDev_1992 -1.6382
Main_RecrDev_1993 0.9068
Main_RecrDev_1994 0.9768
Main_RecrDev_1995 0.0375
Main_RecrDev_1996 0.3946
Main_RecrDev_1997 0.1631
Main_RecrDev_1998 0.5850
Main_RecrDev_1999 2.4034
Main_RecrDev_2000 -1.1457

Continued on next page
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Table B.1. Medians of estimated parameters for the base model.

Parameter Posterior median
Main_RecrDev_2001 0.0899
Main_RecrDev_2002 -2.7806
Main_RecrDev_2003 0.2406
Main_RecrDev_2004 -2.4831
Main_RecrDev_2005 0.7719
Main_RecrDev_2006 0.5822
Main_RecrDev_2007 -2.8590
Main_RecrDev_2008 1.7178
Main_RecrDev_2009 0.1729
Main_RecrDev_2010 2.7052
Main_RecrDev_2011 -0.6794
Main_RecrDev_2012 0.3683
Late RecrDev_2013 -0.1642
Late_RecrDev_2014 2.2612
Late RecrDev_2015 0.0405
ForeRecr_2016 0.0325
ForeRecr_ 2017 0.0198
ForeRecr_2018 -0.0876
AgeSel_1P_3 Fishery 2.9915
AgeSel_1P_4 Fishery 1.5879
AgeSel_1P_5 Fishery 0.2927
AgeSel_1P_6_Fishery 0.1757
AgeSel_1P_7 Fishery 0.2271
AgeSel_2P_4 Acoustic_Survey 0.4673
AgeSel_2P_5_ Acoustic_Survey 0.0165
AgeSel_2P_6_Acoustic_Survey 0.1588
AgeSel_2P_7_Acoustic_Survey 0.4147
AgeSel_1P_3 Fishery DEVadd_1991 0.0012
AgeSel_1P_3 Fishery DEVadd_1992 0.0006
AgeSel_1P_3 Fishery DEVadd_1993 0.0006
AgeSel_1P_3 Fishery DEVadd_1994 0.0005
AgeSel_1P_3 Fishery DEVadd_1995 0.0000
AgeSel_1P_3 Fishery DEVadd_1996 0.0013
AgeSel_1P_3 Fishery DEVadd_1997 0.0005
AgeSel_1P_3 Fishery DEVadd_1998 -0.0001
AgeSel_1P_3 Fishery DEVadd_1999 0.0011
AgeSel_1P_3 Fishery_DEVadd_2000 -0.0005
AgeSel_1P_3 Fishery DEVadd_2001 -0.0030
AgeSel_1P_3 Fishery DEVadd_2002 0.0001
AgeSel_1P_3 Fishery DEVadd_2003 0.0008
AgeSel_1P_3 Fishery_DEVadd_2004 0.0017
AgeSel_1P_3 Fishery DEVadd_2005 0.0021
AgeSel_1P_3 Fishery_DEVadd_2006 -0.0001
AgeSel_1P_3 Fishery DEVadd_2007 0.0010
AgeSel_1P_3 Fishery_DEVadd_2008 0.0005
AgeSel_1P_3 Fishery DEVadd_2009 0.0066
AgeSel_1P_3 Fishery DEVadd_2010 0.0008
AgeSel_1P_3 Fishery DEVadd_2011 0.0058
AgeSel_1P_3 Fishery DEVadd_2012 0.0006
AgeSel_1P_3 Fishery DEVadd_2013 -0.0007
AgeSel_1P_3 Fishery DEVadd_2014 0.0024
AgeSel_1P_3 Fishery DEVadd_2015 -0.0078
AgeSel_1P_4 Fishery DEVadd_1991 0.0015
AgeSel_1P_4 Fishery DEVadd_1992 0.0012
AgeSel_1P_4 Fishery DEVadd_1993 0.0006
AgeSel_1P_4 Fishery_DEVadd_1994 0.0019
AgeSel_1P_4 Fishery_DEVadd_1995 0.0037
AgeSel_1P_4 Fishery_DEVadd_1996 -0.0097
AgeSel_1P_4 Fishery DEVadd_1997 0.0040
AgeSel_1P_4 Fishery DEVadd_1998 0.0016
AgeSel_1P_4 Fishery DEVadd_1999 -0.0087

Continued on next page
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Table B.1. Medians of estimated parameters for the base model.

Parameter Posterior median

AgeSel_1P_4 Fishery_DEVadd_2000 0.0097
AgeSel_1P_4 Fishery DEVadd_2001 0.0247
AgeSel_1P_4 Fishery DEVadd_2002 0.0038
AgeSel_1P_4 Fishery_DEVadd_2003 0.0034
AgeSel_1P_4 Fishery_DEVadd_2004 0.0004
AgeSel_1P_4 Fishery_DEVadd_2005 0.0082
AgeSel_1P_4 Fishery_DEVadd_2006 0.0007
AgeSel_1P_4 Fishery DEVadd_2007 -0.0065
AgeSel_1P_4 Fishery_DEVadd_2008 -0.0005
AgeSel_1P_4 Fishery DEVadd_2009 0.0043
AgeSel_1P_4 Fishery_DEVadd_2010 0.0039
AgeSel_1P_4 Fishery DEVadd_2011 0.0082
AgeSel_1P_4 Fishery DEVadd_2012 -0.0109
AgeSel_1P_4 Fishery DEVadd_2013 0.0019
AgeSel_1P_4 Fishery_DEVadd_2014 -0.0067
AgeSel_1P_4 Fishery DEVadd_2015 -0.0056
AgeSel_1P_5 Fishery DEVadd_1991 -0.0071
AgeSel_1P_5 Fishery DEVadd_ 1992 0.0002
AgeSel_1P_5 Fishery DEVadd_ 1993 -0.0021
AgeSel_1P_5 Fishery DEVadd_1994 0.0067
AgeSel_1P_5 Fishery DEVadd_1995 0.0056
AgeSel_1P_5 Fishery DEVadd_1996 -0.0038
AgeSel_1P_5 Fishery DEVadd_1997 -0.0026
AgeSel_1P_5 Fishery DEVadd_1998 -0.0046
AgeSel_1P_5 Fishery DEVadd_ 1999 -0.0128
AgeSel_1P_5 Fishery_DEVadd_2000 0.0130
AgeSel_1P_5 Fishery DEVadd_2001 0.0206
AgeSel_1P_5 Fishery DEVadd_2002 0.0267
AgeSel_1P_5 Fishery DEVadd_2003 0.0066
AgeSel_1P_5 Fishery DEVadd_2004 0.0014
AgeSel_1P_5 Fishery DEVadd_2005 0.0071
AgeSel_1P_5 Fishery DEVadd_2006 0.0041
AgeSel_1P_5 Fishery DEVadd_2007 -0.0070
AgeSel_1P_5 Fishery DEVadd_2008 -0.0004
AgeSel_1P_5 Fishery DEVadd_2009 0.0021
AgeSel_1P_5 Fishery DEVadd_2010 0.0080
AgeSel_1P_5 Fishery DEVadd_2011 -0.0457
AgeSel_1P_5 Fishery DEVadd_2012 -0.0089
AgeSel_1P_5 Fishery DEVadd_2013 -0.0035
AgeSel_1P_5 Fishery DEVadd_2014 -0.0061
AgeSel_1P_5 Fishery DEVadd_2015 -0.0004
AgeSel_1P_6_Fishery DEVadd_1991 -0.0064
AgeSel_1P_6_Fishery DEVadd_1992 0.0004
AgeSel_1P_6_Fishery DEVadd_1993 -0.0001
AgeSel_1P_6_Fishery DEVadd_1994 0.0111
AgeSel_1P_6_Fishery_DEVadd_1995 0.0091
AgeSel_1P_6_Fishery DEVadd_1996 -0.0016
AgeSel_1P_6_Fishery DEVadd_1997 -0.0026
AgeSel_1P_6_Fishery DEVadd_1998 -0.0008
AgeSel_1P_6_Fishery DEVadd_1999 -0.0184
AgeSel_1P_6_Fishery_DEVadd_2000 0.0188
AgeSel_1P_6_Fishery DEVadd_2001 0.0153
AgeSel_1P_6_Fishery DEVadd_2002 0.0155
AgeSel_1P_6_Fishery_DEVadd_2003 0.0087
AgeSel_1P_6_Fishery_DEVadd_2004 -0.0010
AgeSel_1P_6_Fishery_DEVadd_2005 0.0066
AgeSel_1P_6_Fishery_DEVadd_2006 0.0044
AgeSel_1P_6_Fishery DEVadd_2007 -0.0041
AgeSel_1P_6_Fishery_DEVadd_2008 0.0040
AgeSel_1P_6_Fishery DEVadd_2009 0.0058
AgeSel_1P_6_Fishery DEVadd_2010 -0.0257

Continued on next page
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Table B.1. Medians of estimated parameters for the base model.

Parameter Posterior median

AgeSel_1P_6_Fishery DEVadd_2011 -0.0425
AgeSel_1P_6_Fishery DEVadd_2012 -0.0202
AgeSel_1P_6_Fishery DEVadd_2013 -0.0027
AgeSel_1P_6_Fishery DEVadd_2014 0.0110
AgeSel_1P_6_Fishery_DEVadd_2015 0.0020
AgeSel_1P_7_Fishery DEVadd_1991 -0.0075
AgeSel_1P_7_Fishery DEVadd_1992 0.0060
AgeSel_1P_7_Fishery DEVadd_1993 -0.0015
AgeSel_1P_7_Fishery_DEVadd_1994 0.0126
AgeSel_1P_7_Fishery_DEVadd_1995 0.0073
AgeSel_1P_7_Fishery_DEVadd_1996 0.0033
AgeSel_1P_7_Fishery DEVadd_1997 -0.0016
AgeSel_1P_7_Fishery_DEVadd_1998 -0.0066
AgeSel_1P_7_Fishery DEVadd_1999 -0.0146
AgeSel_1P_7_Fishery_DEVadd_2000 0.0185
AgeSel_1P_7_Fishery DEVadd_2001 0.0035
AgeSel_1P_7_Fishery DEVadd_2002 0.0082
AgeSel_1P_7 Fishery DEVadd_2003 0.0020
AgeSel_1P_7_Fishery_DEVadd_2004 -0.0027
AgeSel_1P_7 Fishery DEVadd_2005 0.0036
AgeSel_1P_7_Fishery_DEVadd_2006 -0.0032
AgeSel_1P_7_Fishery DEVadd_2007 -0.0018
AgeSel_1P_7 Fishery DEVadd_2008 -0.0019
AgeSel_1P_7_Fishery DEVadd_2009 0.0049
AgeSel_1P_7 Fishery DEVadd_ 2010 -0.0279
AgeSel_1P_7_Fishery DEVadd_2011 -0.0290
AgeSel_1P_7_Fishery DEVadd_2012 -0.0181
AgeSel_1P_7_Fishery_DEVadd_2013 0.0151
AgeSel_1P_7_Fishery_DEVadd_2014 0.0099
AgeSel_1P_7_Fishery_DEVadd_2015 -0.0169
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C STOCK SYNTHESIS DATA FILE

../models/39_preSRGbase_updated/../../models/38R&base updated/2016hake_ data.ss

#C 2016 Hake data file - survey data, K-S, with extrapolation 1
HHHHHHHH AR SRR HH S S S S SRS R R RS R Y 2

3
### Global model specifications ### 4
1966 # Start year 5
2015 # End year 6
1 # Number of seasons/year 7
12 # Number of months/season 8
1 # Spawning occurs at beginning of season 9
1 # Number of fishing fleets 10
1 # Number of surveys 11
1 # Number of areas 12
Fishery/Acoustic_Survey 13
0.5 0.5 # fleet timing_in_season 14
11 # Area of each fleet 15
1 # Units for catch by fishing fleet: 1=Biomass(mt) ,2=Numbers(1000s) 16
0.01 # SE of log(catch) by fleet for equilibrium and continuous options 17
1 # Number of genders 18
20 # Number of ages in population dynamics 19

N
o

### Catch section ###
0 # Initial equilibrium catch (landings + discard) by fishing fleet

NoNN
w N =

50 # Number of lines of catch
# Catch Year Season
137700 1966 1

214370 1967
122180 1968
180130 1969
234590 1970
154620 1971
117540 1972
162640 1973
211260 1974
221350 1975
237520 1976
132690 1977
103637 1978
137110 1979
89930 1980
139120 1981
107741 1982
113931 1983
138492 1984
110399 1985
210616 1986
234148 1987
248840 1988
298079 1989
261286 1990

e e e A e T T e T = T T o o S e e e e S ST S =
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319705 1991 1 1
299650 1992 1 2
198905 1993 1 3
362407 1994 1 4
249496 1995 1 5
306299 1996 1 6
325147 1997 1 7
320722 1998 1 8
311887 1999 1 9
228777 2000 1 10
227525 2001 1 11
180697 2002 1 12
205162 2003 1 13
342307 2004 1 14
363135 2005 1 15
361699 2006 1 16
293389 2007 1 17
321701 2008 1 18
177172 2009 1 19
230672 2010 1 20
291671 2011 1 21
205787 2012 1 22
285614 2013 1 23
298703 2014 1 24
190663 2015 1 25
26

27

18 # Number of index observations 28
# Units: O=numbers,l=biomass,2=F; Errortype: -1=normal,O=lognormal, >0=T 29
# Fleet Units Errortype 30
1 1 0 # Fishery 31
2 1 0 # Acoustic Survey 32
33

# Acoustic survey (all years updated with new acoustic team 34
extrapolation analysis; 1995 unavailabe with new analysis) 35

# Year seas fleet obs se(log) 36
1998 1 2 1534604 0.0526 37
1999 1 -2 1 1 38
2000 1 -2 1 1 39
2001 1 2 861744 0.1059 40
2002 1 -2 1 1 41
2003 1 2 2137528 0.0642 42
2004 1 -2 1 1 43
2005 1 2 1376099 0.0638 44
2006 1 -2 1 1 45
2007 1 2 942721 0.0766 46
2008 1 -2 1 1 47
2009 1 2 1502273 0.0995 48
2010 1 -2 1 1 49
2011 1 2 674617 0.1177 50
2012 1 2 1279421 0.0673 51
2013 1 2 1929235 0.0646 52
2014 1 -2 1 1 53
2015 1 2155853 0.0920 54
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0 #_N_fleets_with_discard

0O #_N_discard_obs

0 #_N_meanbodywt_obs

30 #_DF_for_meanbodywt_T-distribution_like

## Population size structure

2 # Length bin method: 1l=use databins; 2=generate from binwidth,min,max
below;

2 # Population length bin width

10 # Minimum size bin

70 # Maximum size bin

-1 # Minimum proportion for compressing tails of observed
compositional data

0.001 # Constant added to expected frequencies

0 # Combine males and females at and below this bin number

26 # Number of Data Length Bins

# Lower edge of bins

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66
68 70

O #_N_Length_obs

15 #_N_age_bins
# Age bins
1234567389 10 11 12 13 14 15

43 # N_ageerror_definitions
# No ageing error
#0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5
9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5
18.5 19.5 20.5
#0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
0.001 0.001 0.001
# Baseline ageing error
#0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5
9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5
18.5 19.5 20.5
#0.329 0.329 0.347 0.369 0.395 0.428 0.468 0.518 0.579
0.653 0.745 0.858 0.996 1.167 1.376 1.632 1.858 2.172
2.530 2.934 3.388
Annual keys with cohort effect

#
#
# NOTE: no adjustment for 2008, full adjustment for 2010
#
#

age0 agel age?2 age3 aged ageb ageb6
age7 age8 age9 agelO agell agel2
agel3d ageld agelb agel6 agel?7 agel8
agel9 age20 yr def comment
0.5 1.5 2.5 3.5 4.5 5.5 6.5

© 0 N o OO B W N =

A B BB WWWW W W WWWWN NN DNDNDNDDNDNDNNDN B 2R R R R R R R R
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46
47
48
49
50
51
52
53
54
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7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1973 defl Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1973 defl SD of age.
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1974 def?2 Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1974 def2 SD of age.
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1975 def3 Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1975 def3 SD of age.
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1976 def4d Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1976 def4 SD of age.
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1977 defb Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1977 defb SD of age.
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1978 def6 Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809 44
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813 45
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53 46
2.934 3.388 # 1978 def6 SD of age. 47
0.5 1.5 2.5 3.5 4.5 5.5 6.5 48
7.5 8.5 9.5 10.5 11.5 12.5 49
13.5 14.5 15.5 16.5 17.5 18.5 50
19.5 20.5 # 1979 def7 Expected ages 51
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809 52
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813 53
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53 54
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2.934 3.388 # 1979 def?7 SD of age.
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
. 20.5 # 1980 def8 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1980 def8 SD of age.
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1981 def9 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1981 def9 SD of age. 0.5b5xagel
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1982 defl10 Expected ages
.329242 0.329242 0.19080435 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1982 def10 SD of age. 0.55*age2
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1983 defll Expected ages
.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1983 defll SD of age. 0.b5bxage3
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1984 defl2 Expected ages
.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1984 defl2 SD of age. 0.5b5*age4d
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1985 defl3 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.2354495
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1985 defl13 SD of age.
0.55xagel, 0.55*ageb
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1986 defl14 Expected ages

=
©
(92}
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.329242 0.329242 0.19080435 0.368632 0.395312 0.42809

0.2575991 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1986 def14 SD of age.
0.55xage2, 0.5b5*ageb
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1987 deflb Expected ages
.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.28481255 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1987 def15 SD of age.
0.55xage3, 0.56*age7
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1988 defl6 Expected ages

.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.3182465 0.653316 0.745076 0.857813

0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1988 defl6 SD of age.
0.55xaged4d, 0.55*age8
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1989 defl7 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.2354495
0.468362 0.517841 0.57863 0.3593238 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1989 defl7 SD of age.
0.55xageb5, 0.55*age9
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1990 defl8 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.2575991 0.517841 0.57863 0.653316 0.4097918 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1990 def18 SD of age.
0.55*xage6, 0.55*xagel0
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1991 defl19 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.28481255 0.57863 0.653316 0.745076 0.47179715
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1991 def19 SD of age.
0.55xage7, 0.5b*agell
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1992 def20 Expected ages
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.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.3182465 0.653316 0.745076 0.857813
0.5479771 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1992 def20 SD of age.
0.55xage8, 0.b5b*xagel?2
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1993 def21 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.3593238 0.745076 0.857813
0.996322 0.641575 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1993 def21 SD of age.
0.55*xage9, 0.55*agel3
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1994 def22 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.4097918 0.857813
0.996322 1.1665 0.7565635 1.63244 1.858 2.172 2.53
2.934 3.388 # 1994 def22 SD of age.
0.55*xagel0, 0.55*xageld
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1995 def23 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.47179715
0.996322 1.1665 1.37557 0.897842 1.858 2.172 2.53
2.934 3.388 # 1995 def23 SD of age.
0.55xagell, O0.5b5*xagelb
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1996 def24 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.5479771 1.1665 1.37557 1.63244 1.0219 2.172 2.53
2.934 3.388 # 1996 def24 SD of age.
0.55*xagel2, 0.55*agel6
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1997 def25 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 0.641575 1.37557 1.63244 1.858 1.1946 2.53
2.934 3.388 # 1997 def25 SD of age.
0.55xagel3, 0.5b5*xagel7
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1998 def26 Expected ages
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.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 0.7565635 1.63244 1.858 2.172
1.3915 2.934 3.388 # 1998 def26 SD of age.
0.55xageld, 0.5b5*xagel8

.5 1.5 2.5 3.5 4.5 5.5 6.5

7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1999 def27 Expected ages

.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 0.897842 1.858 2.172 2.53

1.6137 3.388 # 1999 def27 SD of age.
0.55*xagelb5, 0.55*agel9

.5 1.5 2.5 3.5 4.5 5.5 6.5

7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2000 def28 Expected ages

.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.0219 2.172 2.53

2.934 1.8634 # 2000 def28 SD of age.
0.55xagel, 0.5b5*xagel6, 0.55*xage20

.5 1.5 2.5 3.5 4.5 5.5 6.5

7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2001 def?29 Expected ages

.329242 0.329242 0.19080435 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 1.1946 2.53

2.934 3.388 # 2001 def29 SD of age.
0.55xage2, 0.b5b*xagel7

.5 1.5 2.5 3.5 4.5 5.5 6.5

7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2002 def30 Expected ages

.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172
1.3915 2.934 3.388 # 2002 def30 SD of age.
0.55*xage3, 0.55*xagel8

.5 1.5 2.5 3.5 4.5 5.5 6.5

7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2003 def31 Expected ages

.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53

1.6137 3.388 # 2003 def31 SD of age.
0.55xaged4, 0.55xagel9

.5 1.5 2.5 3.5 4.5 5.5 6.5

7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2004 def32 Expected ages
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.329242 0.329242 0.346917 0.368632 0.395312 0.2354495
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 1.8634 # 2004 def32 SD of age.
0.55*xage5, 0.5b5*xage20
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2005 def33 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.2575991 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2005 def33 SD of age. 0.55%age6
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2006 def34 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.28481255 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2006 def34 SD of age. 0.5bxage7
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2007 def35 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.3182465 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2007 def35 SD of age. 0.55%age8
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2008 def36 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.3593238 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2008 def36 SD of age. 0.5b5xage9
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2009 def37 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.4097918 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2009 def37 SD of age. 0.55%agel0
.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2010 def38 Expected ages
.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.47179715
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2010 def38 SD of age. 0.5b5xagell
.5 1.5 2.5 3.5 4.5 5.5 6.5

© 0 N o OO » W N =

A B BB WWWW W W WW W W N DNDNNDNDDNDNDNNDNDN B E R R R R HE R R
W N 2 O VW 0 N O O & W N H O © 0 N 0o 60 & W N H O ©O 0 N 0 0 W N H O

44
45
46
47
48
49
50
51
52
53
54

Pacific Hake assessment 2016-02-12 113 DRAFT - DO NOT CITE



7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2011 def39 Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.5479771 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2011 def39 SD of age.
0.55xagel, 0.55*agel2
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2012 def40 Expected ages
0.329242 0.329242 0.19080435 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 0.641575 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2012 def40 SD of age.
0.55*xage2, 0.b5b*xagel3
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2013 def41l Expected ages
0.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 0.7565635 1.63244 1.858 2.172 2.53
2.934 3.388 # 2013 def4l SD of age.
0.55*age3, 0.5b*xageld
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2014 def4d?2 Expected ages
0.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 0.897842 1.858 2.172 2.53
2.934 3.388 # 2014 def4d?2 SD of age.
0.55xaged4, 0.55*agelb
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2015 def4d?2 Expected ages
0.329242 0.329242 0.346917 0.368632 0.395312 0.2354495
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 0.897842 1.858 2.172 2.53
2.934 3.388 # 2015 def4?2 SD of age.
0.55*age4, 0.5b5xagelb

#Age comps updated 1/11/2016

51 # Number of age comp observations

1 # Length bin refers to: l=population length bin indices; 2=data
length bin indices

0 #_combine males into females at or below this bin number

# Acoustic survey ages (N=10)

#year Season Fleet Sex Partition AgeErr LbinLo LbinHi nTrips al a2

a3 a4d ab a6 a7 a8 a9 alo

alil alz al3 al4d alb
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1998 1 2 0 0 26 -1 -1 105 0 1
6.78 8.20 17.04 17.28 1.77 11.30 10.76 1.72 4.12 2
7.58 1.28 0.33 9.80 2.04 3
2001 1 2 0 0 29 -1 -1 57 0 4
50.62 10.95 15.12 7.86 3.64 3.84 2.60 1.30 1.34 5
0.65 0.68 0.87 0.15 0.39 6
2003 1 2 0 0 31 -1 -1 71 0 7
23.06 1.63 43.40 13.07 2.71 5.14 3.43 1.82 2.44 8
1.44 0.49 0.43 0.42 0.52 9
2005 1 2 0 0 33 -1 -1 47 0 10
19.07 1.23 5.10 4.78 50.67 6.99 2.50 3.99 2.45 11
1.71 0.74 0.48 0.14 0.16 12
2007 1 2 0 0 35 -1 -1 69 0 13
28.29 2.16 11.64 1.38 5.01 3.25 38.64 3.92 1.94 14
1.70 0.83 0.77 0.34 0.12 15
2009 1 2 0 0 37 -1 -1 72 0 16
0.55 29.33 40.21 2.29 8.22 1.25 1.79 1.93 8.32 17
3.63 1.44 0.28 0.48 0.26 18
2011 1 2 0 0 39 -1 -1 46 0 19
27 .62 56.32 3.71 2.64 2.94 0.70 0.78 0.38 0.66 20
0.97 2.10 0.76 0.31 0.11 21
2012 1 2 0 0 40 -1 -1 94 0 22
62.12 9.78 16.70 2.26 2.92 1.94 1.01 0.50 0.23 23
0.27 0.66 0.98 0.51 0.12 24
2013 1 2 0 0 41 -1 -1 67 0 25
2.17 74.97 5.63 8.68 0.95 2.20 2.59 0.71 0.35 26
0.10 0.13 0.36 0.77 0.38 27
2015 1 2 0 0 43 -1 -1 78 0 28
7.45 9.19 4.38 58.98 4.88 7.53 1.69 1.68 1.64 29
0.95 0.16 0.29 0.24 0.92 30
31
#Aggregate marginal fishery age comps (n=40) 32
#year Season Fleet Sex Partition AgeErr LbinLo LbinHi nTrips al a2 33
a3 ad ab a6 a7 a8 a9 alo 34
all alz al3 al4d alb 35
1975 1 1 0 0 3 -1 -1 13 4.608 36
33.846 7.432 1.248 25.397 5.546 8.031 10.537 0.953 0.603 37
0.871 0.451 0.000 0.476 0.000 38
1976 1 1 0 0 4 -1 -1 142 0.085 39
1.337 14.474 6.742 4.097 24.582 9.766 8.899 12.099 5.431 40
4.303 4.075 1.068 2.355 0.687 41
1977 1 1 0 0 5 -1 -1 320 0.000 42
8.448 3.683 27.473 3.594 9.106 22.682 T7.599 6.544 4.016 43
3.5560 2.308 0.572 0.308 0.119 44
1978 1 1 0 0 6 -1 -1 341 0.472 45
1.110 6.511 6.310 26.416 6.091 8.868 21.505 9.776 4.711 46
4.680 2.339 0.522 0.353 0.337 47
1979 1 1 0 0 7 -1 -1 116 0.000 48
6.492 10.241 9.382 5.721 17.666 10.256 17.370 12.762 4.180 49
2.876 0.963 1.645 0.000 0.445 50
1980 1 1 0 0 8 -1 -1 221 0.148 51
0.544 30.087 1.855 4.488 8.166 11.227 5.012 8.941 11.075 52
9.460 2.628 3.785 1.516 1.068 53
1981 1 1 0 0 9 -1 -1 154 19.492 54
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4.031 1.403 26.726 3.901 5.547 3.376 14.675 3.769 3.195 1
10.186 2.313 0.504 0.163 0.720 2
1982 1 1 0 0 10 -1 -1 170 0.000 3
32.050 3.521 0.486 27.347 1.526 3.680 3.894 11.764 3.268 4
3.611 7.645 0.241 0.302 0.664 5
1983 1 1 0 0 11 -1 -1 117 0.000 6
0.000 34.144 3.997 1.825 23.458 5.126 5.647 5.300 9.383 7
3.910 3.128 2.259 1.130 0.695 8
1984 1 1 0 0 12 -1 -1 123 0.000 9
0.000 1.393 61.904 3.625 3.849 16.778 2.853 1.509 1.239 10
3.342 0.923 0.586 1.439 0.561 11
1985 1 1 0 0 13 -1 -1 56 0.925 12
0.111 0.348 7.241 66.754 8.407 5.605 7.106 2.042 0.530 13
0.654 0.246 0.000 0.000 0.032 14
1986 1 1 0 0 14 -1 -1 120 0.000 15
15.341 5.384 0.527 0.761 43.638 6.898 8.154 8.260 2.189 16
2.817 1.834 3.133 0.457 0.609 17
1987 1 1 0 0 15 -1 -1 56 0.000 18
0.000 29.583 2.904 0.135 1.013 53.260 0.404 1.250 7.091 19
0.000 0.744 1.859 1.757 0.000 20
1988 1 1 0 0 16 -1 -1 81 0.000 21
0.657 0.065 32.350 0.981 1.451 0.655 45.965 1.342 0.835 22
10.494 0.790 0.053 0.064 4.298 23
1989 1 1 0 0 17 -1 -1 77 0.000 24
5.616 2.431 0.288 50.206 1.257 0.292 0.084 35.192 1.802 25
0.395 2.316 0.084 0.000 0.037 26
1990 1 1 0 0 18 -1 -1 163 0.000 27
5.193 20.511 1.883 0.592 31.469 0.505 0.200 0.043 31.861 28
0.296 0.067 6.390 0.000 0.991 29
1991 1 1 0 0 19 -1 -1 160 0.000 30
3.464 20.372 19.632 2.522 0.790 28.260 1.177 0.145 0.181 31
18.688 0.423 0.000 3.606 0.741 32
1992 1 1 0 0 20 -1 -1 243 0.461 33
4.238 4.304 13.052 18.594 2.272 1.044 33.927 0.767 0.078 34
0.340 18.049 0.413 0.037 2.426 35
1993 1 1 0 0 21 -1 -1 175 0.000 36
1.051 23.240 3.260 12.980 15.666 1.500 0.810 27.421 0.674 37
0.089 0.120 12.004 0.054 1.129 38
1994 1 1 0 0 22 -1 -1 234 0.000 39
0.037 2.832 21.390 1.265 12.628 18.687 1.571 0.573 29.906 40
0.262 0.282 0.022 9.634 0.909 41
1995 1 1 0 0 23 -1 -1 147 0.191 42
1.700 0.500 6.307 28.992 1.149 8.044 20.269 1.572 0.222 43
22.401 0.434 0.452 0.037 7.729 44
1996 1 1 0 0 24 -1 -1 186 0.000 45
18.282 16.242 1.506 7.743 18.140 1.002 4.908 10.981 0.576 46
0.347 15.716 0.009 0.108 4.439 47
1997 1 1 0 0 25 -1 -1 222 0.000 48
0.737 29.476 24.952 1.468 7.838 12.488 1.798 3.977 6.671 49
1.284 0.216 6.079 0.733 2.282 50
1998 1 1 0 0 26 -1 -1 243 0.000 51
4.801 20.349 20.288 26.595 2.869 5.401 9.311 0.917 1.557 52
3.900 0.352 0.092 2.941 0.627 53
1999 1 1 0 0 27 -1 -1 514 0.000 54
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10.291 20.366 17.982 20.065 13.200 2.688 3.930 4.010 0.990 1
1.542 2.141 0.392 0.335 2.067 2
2000 1 1 0 0 28 -1 -1 529 0.996 3
4.218 10.935 14.285 12.880 21.063 13.115 6.548 4.648 2.509 4
2.070 2.306 1.292 0.720 2.414 5
2001 1 1 0 0 29 -1 -1 541 0.000 6
17.338 16.247 14.250 15.685 8.559 12.100 5.989 1.778 2.232 7
1.810 0.698 1.421 0.685 1.209 8
2002 1 1 0 0 30 -1 -1 450 0.000 9
0.033 50.642 14.934 9.687 5.719 4.438 6.580 3.546 0.871 10
0.845 1.036 0.242 0.475 0.953 11
2003 1 1 0 0 31 -1 -1 457 0.000 12
0.105 1.397 67.891 11.642 3.339 4.987 3.193 3.138 2.107 13
0.875 0.436 0.533 0.125 0.231 14
2004 1 1 0 0 32 -1 -1 501 0.000 15
0.022 5.310 6.067 68.288 8.152 2.187 4.155 2.512 1.281 16
1.079 0.350 0.268 0.160 0.170 17
2005 1 1 0 0 33 -1 -1 613 0.018 18
0.569 0.464 6.562 5.381 68.720 T7.955 2.358 2.909 2.207 19
1.177 1.091 0.250 0.090 0.248 20
2006 1 1 0 0 34 -1 -1 720 0.326 21
2.808 10.443 1.673 8.565 4.878 59.030 5.278 1.717 2.377 22
1.136 1.017 0.428 0.136 0.188 23
2007 1 1 0 0 35 -1 -1 629 0.747 24
11.307 3.732 15.445 1.596 6.851 3.839 44.102 5.187 1.724 25
2.290 1.790 0.507 0.184 0.699 26
2008 1 1 0 0 36 -1 -1 794 0.760 27
9.716 30.568 2.402 14.451 1.030 3.640 3.176 28.092 3.045 28
1.146 0.735 0.494 0.314 0.431 29
2009 1 1 0 0 37 -1 -1 686 0.643 30
0.520 30.584 27.605 3.353 10.705 1.302 2.265 2.298 16.168 31
2.473 0.867 0.592 0.282 0.342 32
2010 1 1 0 0 38 -1 -1 873 0.028 33
25.395 3.341 34.816 21.488 2.344 3.008 0.440 0.577 0.976 34
6.085 0.927 0.307 0.106 0.159 35
2011 1 1 0 0 39 -1 -1 1081 2.639 36
8.505 70.919 2.650 6.388 4.420 1.133 0.819 0.294 0.390 37
0.116 1.343 0.170 0.109 0.107 38
2012 1 1 0 0 40 -1 -1 851 0.182 39
41.085 11.563 32.934 2.480 5.029 2.501 1.130 0.658 0.231 40
0.327 0.348 0.866 0.285 0.383 41
2013 1 1 0 0 41 -1 -1 1094 0.030 42
0.545 70.348 5.896 10.454 1.123 3.401 2.058 0.907 1.363 43
0.264 0.334 0.529 2.284 0.464 a4
2014 1 1 0 0 42 -1 -1 1130 0.000 45
3.319 3.733 64.376 6.916 12.121 1.580 3.147 1.808 0.819 46
0.458 0.121 0.183 0.280 1.137 a7
2015 1 1 0 0 43 -1 -1 793 3.507 48
1.370 6.953 3.986 70.007 4.824 5.018 0.947 1.517 1.080 49
0.199 0.204 0.060 0.051 0.275 50

51

O # No Mean size-at-age data 52
0O # Total number of environmental variables 53
0O # Total number of environmental observations 54
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O # No Weight frequency data
O # No tagging data
O # No morph composition data

g B W N =

999 # End data file
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D STOCK SYNTHESIS CONTROL FILE

../models/39_preSRGbase_updated/../../models/38R&base updated/2016hake_control.ss

#C 2016 Hake control file 1
HEARHBHARHHHHBHAAAHAHHH B A AR AR AR B R AR A S AR BB RS HHHH 2
3

1 # N growth pattermns 4
1 # N sub morphs within patterns 5
0 # Number of block designs for time varying parameters 6
7

# Mortality and growth specifications 8
0.5 # Fraction female (birth) 9
0 # M setup: O=single 10
parameter ,l=breakpoints ,2=Lorenzen,3=age-specific;4=age-specific,seasonalu
interpolation 12

1 # Growth model: 1=VB with L1 amnd L2, 2=VB with AO and Linf, 13
3=Richards, 4=Read vector of LGA 14

1 # Age for growth Lmin 15
20 # Age for growth Lmax 16
0.0 # Constant added to SD of LAA (0.1 mimics SS2vl for compatibility 17
only) 18

0 # Variability of growth: 0=CV~f(LAA), 1=CV~f(A), 2=SD"f(LAA), 19
3=SD~f (A) 20

5 # maturity_option: 1=length logistic; 2=age logistic; 3=read 21
age-maturity matrix by growth_pattern; 4=read age-fecundity; b=read 22
fec and wt from wtatage.ss 23

2 # First age allowed to mature 24
1 # Fecundity 25
option: (1) eggs=Wt*(a+b*Wt) ; (2) eggs=a*xL"b;(3)eggs=a*xWt~b 26

0 # Hermaphroditism option: O=none; l=age-specific fxn 27
1 # MG parm offset option: 1=none, 2= M,G,CV_G as offset from GP1, 28
3=1like S882vl1 29

1 # MG parm env/block/dev_adjust_method: 1=standard; 2=logistic 30
transform keeps in base parm bounds; 3=standard w/ no bound check 31

32

# Lo Hi Init Prior Prior Prior Param Env Use 33
Dev Dev Dev Block block 34

# bnd bnd value mean type SD phase var dev 35
minyr maxyr SD design switch 36
### Mortality 37
0.05 0.4 0.2 -1.609438 3 0.1 4 0 0 0 38
0 0 0 0 # M 39

### Growth parameters ignored in empirical input approach 40
2 15 5 32 -1 99 -5 0 0 0 41
0 0 0 0 # AO 42

45 60 53.2 50 -1 99 -3 0 0 0 43
0 0 0 0 # Linf 44

0.2 0.4 0.30 0.3 -1 99 -3 0 0 0 45
0 0 0 0 # VBK 46

0.03 0.16 0.066 0.1 -1 99 -5 0 0 0 47
0 0 0 0 # CV of len@age O 48

0.03 0.16 0.062 0.1 -1 99 -5 0 0 0 49
0 0 0 0 # CV of len@age inf 50
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# W-L, maturity and fecundity parameters 1

# Female placeholders (wtatage overrides these) 2

-3 3 7.0E-06 7.0E-06 -1 99 -50 0 0 0 3

0 0 0 0 # F W-L slope 4

-3 3 2.9624 2.9624 -1 99 -50 0 0 0 5

0 0 0 0 # F W-L exponent 6

# Maturity ok from 2010 assessment 7

-3 43 36.89 36.89 -1 99 -50 0 0 0 8

0 0 0 0 # L at 50% maturity 9

-3 3 -0.48 -0.48 -1 99 -50 0 0 0 10

0 0 0 0 # F Logistic maturity slope 11

# No fecundity relationship 12

-3 3 1.0 1.0 -1 99 -50 0 0 0 13

0 0 0 0 # F Eggs/gm intercept 14

-3 3 0.0 0.0 -1 99 -50 0 0 0 15

0 0 0 0 # F Eggs/gm slope 16

# Unused recruitment interactions 17

0 2 1 1 -1 99 -50 0 0 0 18

0 0 0 0 # placeholder only 19

0 2 1 1 -1 99 -50 0 0 0 20

0 0 0 0 # placeholder only 21

0 2 1 1 -1 99 -50 0 0 0 22

0 0 0 0 # placeholder only 23

0 2 1 1 -1 99 -50 0 0 0 24

0 0 0 0 # placeholder only 25

00 0O0O0OOOOO0O0 # Unused MGparm_seas_effects 26

27

# Spawner-recruit parameters 28

3 # S-R function: 1=B-H w/flat top, 2=Ricker, 3=standard B-H, 4=no 29

steepness or bias adjustment 30

# Lo Hi Init Prior Prior Prior Param 31

# bnd bnd value mean type SD phase 32

13 17 15.9 15 -1 99 1 # Ln(RO) 33

0.2 1 0.88 0.777 2 0.113 4 # Steepness with 34

Myers' prior 35

1.0 1.6 1.4 1.1 -1 99 -6 # Sigma-R 36

-5 5 0 0 -1 99 -50 # Env link 37

coefficient 38

-5 5 0 0 -1 99 -50 # Initial 39

equilibrium recruitment offset 40

0 2 0 1 -1 99 -50 # Autocorrelation 41

in rec devs 42

O # index of environmental variable to be used 43

O # SR environmental target: O=none;l=devs;_2=R0O;_3=steepness a4

1 # Recruitment deviation type: O=none; l=devvector; 2=simple deviations 45

46

# Recruitment deviations 47

1970 # Start year standard recruitment devs 48

2012 # End year standard recruitment devs 49

1 # Rec Dev phase 50

51

1 # Read 11 advanced recruitment options: O=no, 1l=yes 52

1946 # Start year for early rec devs 53

3 # Phase for early rec devs 54
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5 # Phase for forecast recruit deviations

1 # Lambda for forecast recr devs before endyr+i1

1965 # Last recruit dev with no bias_adjustment

1971 # First year of full bias correction (linear ramp from year above)
2012 # Last year for full bias correction in_MPD

2015 # First_recent_yr_nobias_adj_in_MPD

0.87 # Maximum bias adjustment in MPD

0 # Period of cycles in recruitment (N parms read below)
-6 # Lower bound rec devs

6 # Upper bound rec devs

0 # Read init values for rec devs

# Fishing mortality setup

0.1 # F ballpark for tuning early phases

-1999 # F ballpark year

1 # F method: 1=Pope's; 2=Instan. F; 3=Hybrid
0.95 # Max F or harvest rate (depends on F_Method)

# Init F parameters by fleet
#L0O HI INIT PRIOR PR_type SD PHASE
0 1 0.0 0.01 -1 99 -50

# Catchability setup

# A=do power: O=skip, survey is prop. to abundance, 1= add par for
non-linearity

# B=env. link: O=skip, 1= add par for env. effect on Q

# C=extra SD: O=skip, 1= add par. for additive constant to input SE (in
1n space)

# D=type: <O=mirror lower abs(#) fleet, O=no par Q is median unbiased,
1=no par Q is mean unbiased, 2=estimate par for 1n(Q)

# 3=1n(Q) + set of devs about 1n(Q) for all years. 4=1n(Q) + set
of devs about Q for indexyr-1

#A B C D

0 0 0 0 # Fishery

0 0 1 0 # Survey

#L0 HI INIT PRIOR PR_type SD PHASE

0.05 1.2 0.0755 0.0755 -1 0.1 4 # additive value for

acoustic survey

#_SELEX_& _RETENTION_PARAMETERS

# Size-based setup

# A=Selex option: 1-24

# B=Do_retention: O=no, 1l=yes

# C=Male offset to female: O=no, 1l=yes

# D=Extra input (#)

# A B CD

# Size selectivity

0 0 0 0 # Fishery

0 0 0 O # Acoustic_Survey
# Age selectivity

17 0 0 20 # Fishery

17 0 0 20 # Acoustic_Survey

© 0 N o OO » W N =

A B DB WWWW W W WWWWN NN DNNDNDDNDNDNNDN B E R R R R R R R
W N 2 O VW 0 N O 00 A& W N H O ©W 0 N 0 0 & W N H O ©O 0O N OO0 0 & W N H O

44
45
46
47
48
49
50
51
52
53
54
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# Selectivity parameters 1
# Lo Hi Init Prior Prior Prior Param Env Use 2
Dev Dev Dev Block block 3
# bnd bnd value mean type SD phase var dev 4
minyr maxyr SD design switch 5
# Fishery age-based 6
-1002 3 -1000 -1 -1 0.01 -2 0 00O0O0OO0O0 # 7
0.0 at age O 8
-1 1 0.0 -1 -1 0.01 -2 0 00O0O0OO0O0 # 9
Age 1 is Reference 10
-5 9 2.8 -1 -1 0.01 2 0 2 1991 2015 11
0.03 0 0 # Change to age 2 12
-5 9 0.1 -1 -1 0.01 2 0 2 1991 2015 13
0.03 0 0 # Change to age 3 14
-5 9 0.1 -1 -1 0.01 2 0 2 1991 2015 15
0.03 0 0 # Change to age 4 16
-5 9 0.1 -1 -1 0.01 2 0 2 1991 2015 17
0.03 0 0 # Change to age 5 18
-5 9 0.0 -1 -1 0.01 2 0 2 1991 2015 19
0.03 0 0 # Change to age 6 20
-5 9 0.0 -1 -1 0.01 -2 0 0O0O0OOO0 # 21
Change to age 7 22
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0O0O0 # 23
Change to age 8 24
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OO0O0 # 25
Change to age 9 26
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OOO0 # 27
Change to age 10 28
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OO0O0 # 29
Change to age 11 30
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OOO0 # 31
Change to age 12 32
-5 9 0.0 -1 -1 0.01 -2 0 00O0OOO0 # 33
Change to age 13 34
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OO0O0 # 35
Change to age 14 36
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OOO0 # 37
Change to age 15 38
-5 9 0.0 -1 -1 0.01 -2 0 00O0OO0O0 # 39
Change to age 16 40
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OO0O0 # 41
Change to age 17 42
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OOO0 # 43
Change to age 18 44
-5 9 0.0 -1 -1 0.01 -2 0 00O0O0OO0O0 # 45
Change to age 19 46
-5 9 0.0 -1 -1 0.01 -2 0 00O0OOO0 # 47
Change to age 20 48
49

# Acoustic survey - nonparametric age-based selectivity 50
-1002 3 -1000 -1 -1 0.01 -2 0 00O0O0OO0O0 # 51
0.0 at age O 52
-1002 3 -1000 -1 -1 0.01 -2 0 0O0O0O0OO0O0 # 53
0.0 at age 1 54
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-1 1 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 1
Age 2 is reference 2

-5 9 0.1 -1 -1 0.01 2 00 0O0O0O0O0 # 3
Change to age 3 4

-5 9 0.1 -1 -1 0.01 2 00 0O0O0O0O0 # 5
Change to age 4 6

-5 9 0.0 -1 -1 0.01 2 00 O0O0O0O0O0 # 7
Change to age 5 8

-5 9 0.0 -1 -1 0.01 2 00 O0O0O0O0O0 # 9
Change to age 6 10

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 11
Change to age 7 12

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 13
Change to age 8 14

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 15
Change to age 9 16

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 17
Change to age 10 18

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 19
Change to age 11 20

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 21
Change to age 12 22

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 23
Change to age 13 24

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 25
Change to age 14 26

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 27
Change to age 15 28

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 29
Change to age 16 30

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 31
Change to age 17 32

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 33
Change to age 18 34

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 35
Change to age 19 36

-5 9 0.0 -1 -1 0.01 -2 00 0O0O0O0O0 # 37
Change to age 20 38

39

4 #selparm_dev_PH 40
2 #_env/block/dev_adjust_method (l1=standard; 2=logistic trans to keep in 41
base parm bounds; 3=standard w/ no bound check) 42

0 # Tagging flag: O=no tagging parameters,l=read tagging parameters 43
44

### Likelihood related quantities ### 45
1 # Do variance/sample size adjustments by fleet (1) 46
# # Component 47
0 0 # Constant added to index CV 48
0 0 # Constant added to discard SD 49
0 0 # Constant added to body weight SD 50
1 1 # multiplicative scalar for length comps 51
0.11 0.51 # multiplicative scalar for agecomps 52
1 1 # multiplicative scalar for length at age obs 53

54
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1 -1 1 # NatAge_area(-1 for all), NatAge_yr, N Natages (3 values)

123456789 10 11 12 13 14 15 # placeholder for vector of selex
bins to be reported

-1 # growth ages

-1 # NatAges

1 # Lambda phasing: 1l=none, 2+=change beginning in phase 1 1
1 # Growth offset likelihood constant for Log(s): 1l=include, 2=not 2
O # N changes to default Lambdas = 1.0 3
1 # Extra SD reporting switch 4
2 2 -1 15 # selex type (fleet), len=1/age=2, year, N selex bins (4 5
values) 6

1 1 # Growth pattern, N growth ages (2 values) 7
8

9

e < S S
w N R O

999 # End control file

-
IS
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E STOCK SYNTHESIS STARTER FILE

../models/39_preSRGbase_updated/starter.ss
#C 2016 Hake starter file

=

HHHHHHHH AR SRR H S S S S S A A AAAR R R RS R Y 2

3
2016hake_data.SS # Data file 4
2016hake_control.SS # Control file 5

6
0 # Read initial values from .par file: O=no,l=yes 7
0 # DOS display detail: 0,1,2 8
2 # Report file detail: 0,1,2 9
0 # Detailed checkup.sso file (0,1) 10
0 # Write parameter iteration trace file during minimization 11
0 # Write cumulative report: O=skip,l=short ,2=full 12
0 # Include prior likelihood for non-estimated parameters 13
0 # Use Soft Boundaries to aid convergence (0,1) (recommended) 14
1 # N bootstrap datafiles to create 15
25 # Last phase for estimation 16
402 # MCMC burn-in 17
2 # MCMC thinning interval 18
0 # Jitter initial parameter values by this fraction 19
-1 # Min year for spbio sd_report (neg val = styr-2, virgin state) 20
-2 # Max year for spbio sd_report (neg val = endyr+1) 21
0 # N individual SD years 22
0.00001 # Ending convergence criteria 23
0 # Retrospective year relative to end year 24
3 # Min age for summary biomass 25
1 # Depletion basis: denom is: O=skip; 1=rel X*BO; 2=rel X*Bmsy; 26

3=rel X*B_styr

N
<

1.0 # Fraction (X) for Depletion denominator (e.g. 0.4) 28
1 # (1-SPR) _reporting: O=skip; 1=rel(1-SPR); 2=rel(1-SPR_MSY); 29
3=rel(1-SPR_Btarget); 4=notrel 30
1 # F_std reporting: O=skip; l=exploit(Bio); 2=exploit(Num); 31
3=sum(frates) 32
0 # F_report_basis: O=raw; 1l=rel Fspr; 2=rel Fmsy ; 3=rel Fbtgt 33

w
IS

999 # end of file marker

w
o
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F STOCK SYNTHESIS FORECAST FILE

../models/39_preSRGbase_updated/forecast.ss
#C 2016 Bridge2 Hake forecast file - pre-SRG

=

HHHHHHHH AR SRR H S S S S S A A AAAR R R RS R Y 2
3

1 # Benchmarks: O=skip; 1=calc F_spr,F_btgt,F_msy 4
2 # MSY: 1= set to F(SPR); 2=calc F(MSY); 3=set to F(Btgt); 4=set 5
to F(endyr) 6
0.4 # SPR target (e.g. 0.40) 7
0.4 # Biomass target (e.g. 0.40) 8
# Enter either: actual year, -999 for styr, O for endyr, neg number for 9
rel. endyr 10
-999 -999 -999 -999 -999 -999 # Bmark_years: beg_bio end_bio beg_selex 11
end_selex beg_alloc end_alloc 12

2 # Bmark_relF_Basis: 1 = use year range; 2 = set relF same as 13
forecast below 14

1 # Forecast: O=none; 1=F(SPR); 2=F(MSY) 3=F(Btgt); 4=Ave F (use 15
first-last alloc yrs); 5=input annual F 16

3 # N forecast years 17
1.0 # F scalar (only used for Do_Forecast==5) 18
# Enter either: actual year, -999 for styr, O for endyr, neg number for 19
rel. endyr 20

-4 0 -4 0 # Fcast_years: Dbeg_selex end_selex beg_alloc end_alloc 21
1 # Control rule method (l1=catch=f(SSB) west coast; 2=F=f(SSB) ) 22
0.4 # Control rule Biomass level for constant F (as frac of Bzero, 23
e.g. 0.40) 24
0.1 # Control rule Biomass level for no F (as frac of Bzero, e.g. 25
0.10) 26
1.0 # Control rule target as fraction of Flimit (e.g. 0.75) 27
3 # N forecast loops (1-3) (fixed at 3 for now) 28
3 # First forecast loop with stochastic recruitment 29
-1 # Forecast loop control #3 (reserved) 30
0 #_Forecast loop control #4 (reserved for future bells&whistles) 31
0 #_Forecast loop control #5 (reserved for future bells&whistles) 32
2019 # FirstYear for caps and allocations (should be after any fixed 33
inputs) 34
0.0 # stddev of log(realized catch/target catch) in forecast 35
0 # Do West Coast gfish rebuilder output (0/1) 36
1999 # Rebuilder: first year catch could have been set to zero 37
(Ydecl) (-1 to set to 1999) 38
2002 # Rebuilder: vyear for current age structure (Yinit) (-1 to set 39
to endyear+1) 40

1 # fleet relative F: 1=use first-last alloc year; 2=read 41
seas(row) x fleet(col) below 42

2 # basis for fcast catch tuning and for fcast catch caps and 43
allocation (2=deadbio; 3=retainbio; 5=deadnum; 6=retainnum) 44

-1 # max totalcatch by fleet (-1 to have no max) 45
-1 # max totalcatch by area (-1 to have no max) 46
1 # fleet assignment to allocation group (enter group ID# for each 47
fleet, O for not included in an alloc group) 48

# assign fleets to groups 49
1.0 50
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# allocation fraction for each of: 2 allocation groups 1
0 # Number of forecast catch levels to input (else calc catch from 2
forecast F) 3

2 # basis for input Fcast catch: 2=dead catch; 3=retained catch; 4
99=input Hrate(F) (units are from fleetunits; note new codes in 5
SSV3.20) 6

7

8

999 # verify end of input
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G STOCK SYNTHESIS WEIGHT-AT-AGE FILE

../models/39_preSRGbase_updated/wtatage.ss

# empirical weight-at-age Stock Synthesis input file for hake 1
# created by code in the R script: wtatage_calculations.R 2
# creation date: 2016-01-10 16:32:30 3
HHHHHHHHAHBHAHAFAAAAAAAHAHBRBRRHBHAASSAAA SRR R R R H 4
169 # Number of lines of weight-at-age input to be read 5
20 # Maximum age 6
7

#Maturity x Fecundity: Fleet = -2 (Values unchanged from 2012 Stock 8
Assessment) )

10

#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4 ab a6 11
a7 a8 a9 alo all al2 al3 al4 alb alé 12

al7 als al9 a20 13

-1940 1 1 1 1 -2 0 0 0.1003 0.2535 0.3992 0.518 0.6131 14
0.6895 0.7511 0.8007 0.8406 0.8724 0.8979 0.9181 0.9342 0.9469 0.9569 15
0.9649 0.9711 0.9761 0.983 16
#A1ll matrices below use the same values, pooled across all data sources 17
18

#Weight at age for population in middle of the year: Fleet = -1 19
#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4 20
ab a6 a7 a8 a9 alo alil al2 al3 al4d 21
alb alé al7 als8 al9 a20 22
-1940 1 1 1 1 -1 0.0169 0.0864 0.2495 0.3778 0.4847 23
0.5335 0.5914 0.6621 0.7219 0.7912 0.8630 0.9335 0.9740 1.0706 1.0102 24
1.0315 1.0315 1.0315 1.0315 1.0315 1.0315 25
1975 1 1 1 1 -1 0.0550 0.1575 0.2987 0.3658 0.6143 26
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555 27
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445 28
1976 1 1 1 1 -1 0.0550 0.0986 0.2359 0.4990 0.5188 29
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555 30
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445 31
1977 1 1 1 1 -1 0.0550 0.0855 0.4020 0.4882 0.5902 32
0.6650 0.7489 0.8272 0.9779 1.1052 1.2341 1.3148 1.4027 1.7511 2.1005 33
2.2094 2.2094 2.2094 2.2094 2.2094 2.2094 34
1978 1 1 1 1 -1 0.0517 0.0725 0.1275 0.4699 0.5302 35
0.6026 0.6392 0.7397 0.8422 0.9811 1.0997 1.2459 1.3295 1.4814 1.7419 36
2.3353 2.3353 2.3353 2.3353 2.3353 2.3353 37
1979 1 1 1 1 -1 0.0484 0.0763 0.2410 0.2587 0.5821 38
0.6868 0.7677 0.8909 0.9128 1.0369 1.1987 1.2482 1.5326 1.5520 1.7950 39
1.9817 1.9817 1.9817 1.9817 1.9817 1.9817 40
1980 1 1 1 1 -1 0.0452 0.0800 0.2125 0.4529 0.3922 41
0.4904 0.5166 0.6554 0.7136 0.8740 1.0626 1.1623 1.2898 1.3001 1.2699 42
1.3961 1.3961 1.3961 1.3961 1.3961 1.3961 43
1981 1 1 1 1 -1 0.0419 0.1074 0.2137 0.3422 0.5264 44
0.3933 0.5254 0.5462 0.7464 0.7204 0.8231 1.0413 1.0989 1.3449 1.4926 45
1.2128 1.2128 1.2128 1.2128 1.2128 1.2128 46
1982 1 1 1 1 -1 0.0386 0.1181 0.2465 0.3336 0.3097 47
0.5496 0.3956 0.5275 0.5629 0.7606 0.6837 0.8539 1.0670 0.8793 1.0186 48
1.1693 1.1693 1.1693 1.1693 1.1693 1.1693 49
1983 1 1 1 1 -1 0.0353 0.1287 0.1357 0.3410 0.3694 50
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0.3277
1.4823
1984
0.4113
1.8800
1985
0.5496
1.1217
1986
0.3735
1.6142
1987
0.2870
1.4157
1988
0.3689
1.4537
1989
0.5134
1.1264
1990
0.5111
1.4668
1991
0.5138
2.3828
1992
0.5334
1.0272
1993
0.4539
0.6850
1994
0.4473
0.7455
1995
0.5367
0.8008
1996
0.5317
0.7509
1997
0.5476
0.8693
1998
0.5172
0.7979
1999
0.5265
0.8187
2000
0.6598
0.9336
2001

roor ooroo+roo+roorooroorroo*r+rror+rnvorrrorrrorrrorrrorrrorrorRL,ro",~,roO

.5200
.4823

.4352
.8800

.5474
L1217

.5426
.6142

.3621
.4157

.3731
.4537

.4386
.1264

.5462
.4668

.5437
.3828

.5817
.0272

.4935
.6850

.5262
. 7455

.6506
.8008

.5651
.7509

.5453
.8693

.5420
L7979

.5569
.8187

L7176
.9336

roor ooroo+roo+roorooroorroo*r+rror+rnvorrrrorrrorrrorrrrorrrrorrrorRL,ro"~,roO

.5028
.4823

.5872
.8800

.6017
L1217

.5720
.6142

.5775
.4157

.5163
.4537

.4064
.1264

.6076
.4668

.5907
.3828

.6210
.0272

.5017
.6850

.5700
. 7455

.6249
.8008

.6509
.7509

.5833
.8693

.6412
L7979

L5727
.8187

L7279
.9336

1

.6179
.4823

1

0.5802
.8800

1

. 7452
L1217

1

.6421
.6142

1

0.5975
.4157

1

.6471
.4537

1

.5167
.1264

1

0.6678
.4668

1

.7210
.3828

1

0.6406
.0272

1

.4880
.6850

1

.6218
. 7455

1

.6597
.8008

1

.5957
.7509

1

.5855
.8693

1

.6099
L7979

1

L6117
.8187

1

.7539
.9336

1

0.7060 0.8800 0.9299 1.0356 1.0310 1.3217 1
1.4823 1.4823 2
-1 0.0321 0.1315 0.1642 0.2493 0.4384 3
0.6758 0.7010 0.9513 1.1364 1.0258 1.2807 4
1.8800 1.8800 5
-1 0.0288 0.1740 0.2297 0.2679 0.4414 6
0.6933 0.7231 0.8584 0.8698 0.9458 0.6759 7
1.1217 1.1217 8
-1 0.0255 0.1555 0.2780 0.2906 0.3024 9
0.8209 0.9403 1.1860 1.1900 1.3737 1.6800 10
1.6142 1.6142 11
-1 0.0222 0.1478 0.1388 0.3790 0.2786 12
0.6369 0.7638 0.9820 0.9250 1.2407 1.2031 13
1.4157 1.4157 14
-1 0.0190 0.1400 0.1870 0.3189 0.4711 15
0.6884 0.7183 0.9211 1.0924 1.0225 1.4500 16
1.4537 1.4537 17
-1 0.0157 0.1389 0.2737 0.3047 0.2931 18
0.6263 0.6611 0.6027 0.8758 0.6686 0.8282 19
1.1264 1.1264 20
-1 0.0156 0.1378 0.2435 0.3506 0.3906 21
0.5300 0.7697 0.8312 2.2000 1.1847 1.0166 22
1.4668 1.4668 23
-1 0.0156 0.1367 0.2754 0.3697 0.4598 24
0.8497 1.0997 0.7185 0.6403 1.0174 1.2051 25
2.3828 2.3828 26
-1 0.0155 0.1356 0.2316 0.3473 0.4743 27
0.6530 0.6330 0.7217 0.7354 0.8501 0.9750 28
1.0272 1.0272 29
-1 0.0155 0.1274 0.2486 0.3384 0.3960 30
0.5491 0.5100 1.2630 1.0250 0.6135 0.5995 31
0.6850 0.6850 32
-1 0.0154 0.1191 0.3000 0.3626 0.4469 33
0.5598 0.6341 0.4850 0.6491 0.7300 0.7013 34
0.7455 0.7455 35
-1 0.0154 0.1108 0.2682 0.3418 0.4876 36
0.7560 0.6670 0.7445 0.7998 0.9101 0.6804 37
0.8008 0.8008 38
-1 0.0153 0.1007 0.2876 0.3982 0.4674 39
0.6362 0.6049 0.7500 0.6756 0.8109 1.4853 40
0.7509 0.7509 41
-1 0.0153 0.0906 0.3555 0.4322 0.4931 42
0.6071 0.6315 0.8633 0.5946 0.7118 0.6618 43
0.8693 0.8693 44
-1 0.0152 0.0805 0.2091 0.3539 0.5041 45
0.6769 0.8078 0.7174 0.8100 0.7733 0.7510 46
0.7979 0.7979 47
-1 0.0152 0.1352 0.2502 0.3455 0.4251 48
0.7030 0.6650 0.7989 0.7554 0.8787 0.7348 49
0.8187 0.8187 50
-1 0.0151 0.1899 0.3216 0.4729 0.5766 51
0.8378 0.8159 0.8814 0.8554 0.9391 0.8744 52
0.9336 0.9336 53
-1 0.0151 0.0512 0.2867 0.4843 0.6527 54
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0.6645 0.7469 0.8629 0.8555 0.8802 0.9630 0.9790 1.0054 1.0494 0.9927 1
0.9768 0.9768 0.9768 0.9768 0.9768 0.9768 2
2002 1 1 1 1 -1 0.0150 0.0756 0.3583 0.4575 0.6058 3
0.8160 0.7581 0.8488 0.9771 0.9322 0.9176 0.9974 0.9890 0.9236 1.1250 4
1.0573 1.0573 1.0573 1.0573 1.0573 1.0573 5
2003 1 1 1 1 -1 0.0150 0.1000 0.2551 0.4355 0.5225 6
0.5885 0.7569 0.6915 0.7469 0.8246 0.7692 0.8887 0.9266 0.7894 0.8414 7
0.9965 0.9965 0.9965 0.9965 0.9965 0.9965 8
2004 1 1 1 1 -1 0.0149 0.1081 0.2000 0.4360 0.4807 9
0.5319 0.6478 0.7068 0.6579 0.7094 0.8050 0.8581 0.7715 0.9704 0.8631 10
0.8959 0.8959 0.8959 0.8959 0.8959 0.8959 11
2005 1 1 1 1 -1 0.0149 0.1162 0.2603 0.4311 0.5086 12
0.5393 0.5682 0.6336 0.6550 0.7027 0.7962 0.8104 0.8109 0.7602 1.1449 13
0.9678 0.9678 0.9678 0.9678 0.9678 0.9678 14
2006 1 1 1 1 -1 0.0148 0.1324 0.3831 0.4575 0.5341 15
0.5740 0.5910 0.5979 0.6560 0.6997 0.7259 0.7220 0.7753 0.6580 0.6399 16
0.9550 0.9550 0.9550 0.9550 0.9550 0.9550 17
2007 1 1 1 1 -1 0.0148 0.0445 0.2272 0.3776 0.5352 18
0.5530 0.6073 0.6328 0.6475 0.7055 0.7723 0.7627 0.8137 0.8702 0.8008 19
0.8698 0.8698 0.8698 0.8698 0.8698 0.8698 20
2008 1 1 1 1 -1 0.0148 0.1346 0.2440 0.4079 0.5630 21
0.6365 0.6865 0.6818 0.7098 0.7211 0.7488 0.8073 0.8483 0.7755 0.8834 22
0.8332 0.8332 0.8332 0.8332 0.8332 0.8332 23
2009 1 1 1 1 -1 0.0148 0.0667 0.2448 0.3431 0.4712 24
0.6371 0.6702 0.6942 0.7463 0.8226 0.7674 0.8139 1.0147 0.8503 0.9582 25
1.0334 1.0334 1.0334 1.0334 1.0334 1.0334 26
2010 1 1 1 1 -1 0.0148 0.1089 0.2326 0.2918 0.4332 27
0.5302 0.6582 0.8349 1.0828 1.0276 0.9582 0.8763 0.8524 1.1253 0.7200 28
0.9021 0.9021 0.9021 0.9021 0.9021 0.9021 29
2011 1 1 1 1 -1 0.0148 0.0844 0.2457 0.3219 0.3867 30
0.5142 0.5950 0.6746 0.8534 0.9294 0.9780 1.0749 1.0588 1.0279 1.0557 31
0.9212 0.9212 0.9212 0.9212 0.9212 0.9212 32
2012 1 1 1 1 -1 0.0148 0.1290 0.2145 0.3536 0.4094 33
0.4889 0.6562 0.6907 0.7775 0.9072 0.9633 0.9639 0.9639 0.9889 0.9924 34
0.9425 0.9425 0.9425 0.9425 0.9425 0.9425 35
2013 1 1 1 1 -1 0.0148 0.1297 0.2874 0.3595 0.4697 36
0.5104 0.6260 0.7165 0.7310 0.8313 0.9989 1.0752 1.2303 1.1187 1.0682 37
1.0545 1.0545 1.0545 1.0545 1.0545 1.0545 38
2014 1 1 1 1 -1 0.0148 0.1028 0.4080 0.4686 0.4797 39
0.5362 0.5741 0.6198 0.6590 0.7174 0.6950 1.1645 1.0150 0.9491 0.9674 40
1.0579 1.0579 1.0579 1.0579 1.0579 1.0579 41
2015 1 1 1 1 -1 0.0148 0.0759 0.2471 0.3905 0.4445 42
0.4708 0.5531 0.5948 0.6749 0.6879 0.7179 0.8337 0.9523 1.0185 1.0893 43
1.2493 1.2493 1.2493 1.2493 1.2493 1.2493 44
45

#Weight at age for population at beginning of the year: Fleet = 0 46
#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4 47
ab a6 a7 a8 a9 alo alil alz al3 al4 48
alb alé al7 als al9 a20 49
-1940 1 1 1 1 0 0.0169 0.0864 0.2495 0.3778 0.4847 50
0.5335 0.5914 0.6621 0.7219 0.7912 0.8630 0.9335 0.9740 1.0706 1.0102 51
1.0315 1.0315 1.0315 1.0315 1.0315 1.0315 52
1975 1 1 1 1 0 0.0550 0.1575 0.2987 0.3658 0.6143 53
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555 54

Pacific Hake assessment 2016-02-12 130 DRAFT - DO NOT CITE



2.7445 2.7445 2.7445 2.7445 2.7445 2.7445 1
1976 1 1 1 1 0O 0.0550 0.0986 0.2359 0.4990 0.5188 2
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555 3
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445 4
1977 1 1 1 1 0O 0.0550 0.0855 0.4020 0.4882 0.5902 5
0.6650 0.7489 0.8272 0.9779 1.1052 1.2341 1.3148 1.4027 1.7511 2.1005 6
2.2094 2.2094 2.2094 2.2094 2.2094 2.2094 7
1978 1 1 1 1 0 0.0517 0.0725 0.1275 0.4699 0.5302 8
0.6026 0.6392 0.7397 0.8422 0.9811 1.0997 1.2459 1.3295 1.4814 1.7419 9
2.3353 2.3353 2.3353 2.3353 2.3353 2.3353 10
1979 1 1 1 1 0 0.0484 0.0763 0.2410 0.2587 0.5821 11
0.6868 0.7677 0.8909 0.9128 1.0369 1.1987 1.2482 1.5326 1.5520 1.7950 12
1.9817 1.9817 1.9817 1.9817 1.9817 1.9817 13
1980 1 1 1 1 0 0.0452 0.0800 0.2125 0.4529 0.3922 14
0.4904 0.5166 0.6554 0.7136 0.8740 1.0626 1.1623 1.2898 1.3001 1.2699 15
1.3961 1.3961 1.3961 1.3961 1.3961 1.3961 16
1981 1 1 1 1 0O 0.0419 0.1074 0.2137 0.3422 0.5264 17
0.3933 0.5254 0.5462 0.7464 0.7204 0.8231 1.0413 1.0989 1.3449 1.4926 18
1.2128 1.2128 1.2128 1.2128 1.2128 1.2128 19
1982 1 1 1 1 0 0.0386 0.1181 0.2465 0.3336 0.3097 20
0.5496 0.3956 0.5275 0.5629 0.7606 0.6837 0.8539 1.0670 0.8793 1.0186 21
1.1693 1.1693 1.1693 1.1693 1.1693 1.1693 22
1983 1 1 1 1 0 0.0353 0.1287 0.1357 0.3410 0.3694 23
0.3277 0.5200 0.5028 0.6179 0.7060 0.8800 0.9299 1.0356 1.0310 1.3217 24
1.4823 1.4823 1.4823 1.4823 1.4823 1.4823 25
1984 1 1 1 1 0 0.0321 0.1315 0.1642 0.2493 0.4384 26
0.4113 0.4352 0.5872 0.5802 0.6758 0.7010 0.9513 1.1364 1.0258 1.2807 27
1.8800 1.8800 1.8800 1.8800 1.8800 1.8800 28
1985 1 1 1 1 0 0.0288 0.1740 0.2297 0.2679 0.4414 29
0.5496 0.5474 0.6017 0.7452 0.6933 0.7231 0.8584 0.8698 0.9458 0.6759 30
1.1217 1.1217 1.1217 1.1217 1.1217 1.1217 31
1986 1 1 1 1 0 0.0255 0.15565 0.2780 0.2906 0.3024 32
0.3735 0.5426 0.5720 0.6421 0.8209 0.9403 1.1860 1.1900 1.3737 1.6800 33
1.6142 1.6142 1.6142 1.6142 1.6142 1.6142 34
1987 1 1 1 1 0 0.0222 0.1478 0.1388 0.3790 0.2786 35
0.2870 0.3621 0.5775 0.5975 0.6369 0.7638 0.9820 0.9250 1.2407 1.2031 36
1.4157 1.4157 1.4157 1.4157 1.4157 1.4157 37
1988 1 1 1 1 0 0.0190 0.1400 0.1870 0.3189 0.4711 38
0.3689 0.3731 0.5163 0.6471 0.6884 0.7183 0.9211 1.0924 1.0225 1.4500 39
1.4537 1.4537 1.4537 1.4537 1.4537 1.4537 40
1989 1 1 1 1 0 0.0157 0.1389 0.2737 0.3047 0.2931 41
0.5134 0.4386 0.4064 0.5167 0.6263 0.6611 0.6027 0.8758 0.6686 0.8282 42
1.1264 1.1264 1.1264 1.1264 1.1264 1.1264 43
1990 1 1 1 1 0 0.0156 0.1378 0.2435 0.3506 0.3906 44
0.5111 0.5462 0.6076 0.6678 0.5300 0.7697 0.8312 2.2000 1.1847 1.0166 45
1.4668 1.4668 1.4668 1.4668 1.4668 1.4668 46
1991 1 1 1 1 0 0.0156 0.1367 0.2754 0.3697 0.4598 47
0.5138 0.5437 0.5907 0.7210 0.8497 1.0997 0.7185 0.6403 1.0174 1.2051 48
2.3828 2.3828 2.3828 2.3828 2.3828 2.3828 49
1992 1 1 1 1 0 0.0155 0.1356 0.2316 0.3473 0.4743 50
0.5334 0.5817 0.6210 0.6406 0.6530 0.6330 0.7217 0.7354 0.8501 0.9750 51
1.0272 1.0272 1.0272 1.0272 1.0272 1.0272 52
1993 1 1 1 1 0O 0.0155 0.1274 0.2486 0.3384 0.3960 53
0.4539 0.4935 0.5017 0.4880 0.5491 0.5100 1.2630 1.0250 0.6135 0.5995 54
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0.6850 0.6850 0.6850 0.6850 0.6850 0.6850 1
1994 1 1 1 1 0 0.0154 0.1191 0.3000 0.3626 0.4469 2
0.4473 0.5262 0.5700 0.6218 0.5598 0.6341 0.4850 0.6491 0.7300 0.7013 3
0.7455 0.7455 0.7455 0.7455 0.7455 0.7455 4
1995 1 1 1 1 0 0.0154 0.1108 0.2682 0.3418 0.4876 5
0.5367 0.6506 0.6249 0.6597 0.7560 0.6670 0.7445 0.7998 0.9101 0.6804 6
0.8008 0.8008 0.8008 0.8008 0.8008 0.8008 7
1996 1 1 1 1 0 0.0153 0.1007 0.2876 0.3982 0.4674 8
0.5317 0.5651 0.6509 0.5957 0.6362 0.6049 0.7500 0.6756 0.8109 1.4853 9
0.7509 0.7509 0.7509 0.7509 0.7509 0.7509 10
1997 1 1 1 1 0 0.0153 0.0906 0.3555 0.4322 0.4931 11
0.5476 0.5453 0.5833 0.5855 0.6071 0.6315 0.8633 0.5946 0.7118 0.6618 12
0.8693 0.8693 0.8693 0.8693 0.8693 0.8693 13
1998 1 1 1 1 0 0.0152 0.0805 0.2091 0.3539 0.5041 14
0.5172 0.5420 0.6412 0.6099 0.6769 0.8078 0.7174 0.8100 0.7733 0.7510 15
0.7979 0.7979 0.7979 0.7979 0.7979 0.7979 16
1999 1 1 1 1 0 0.0152 0.1352 0.2502 0.3455 0.4251 17
0.5265 0.5569 0.5727 0.6117 0.7030 0.6650 0.7989 0.7554 0.8787 0.7348 18
0.8187 0.8187 0.8187 0.8187 0.8187 0.8187 19
2000 1 1 1 1 0 0.0151 0.1899 0.3216 0.4729 0.5766 20
0.6598 0.7176 0.7279 0.7539 0.8378 0.8159 0.8814 0.8554 0.9391 0.8744 21
0.9336 0.9336 0.9336 0.9336 0.9336 0.9336 22
2001 1 1 1 1 0 0.0151 0.0512 0.2867 0.4843 0.6527 23
0.6645 0.7469 0.8629 0.8555 0.8802 0.9630 0.9790 1.0054 1.0494 0.9927 24
0.9768 0.9768 0.9768 0.9768 0.9768 0.9768 25
2002 1 1 1 1 0O 0.0150 0.0756 0.3583 0.4575 0.6058 26
0.8160 0.7581 0.8488 0.9771 0.9322 0.9176 0.9974 0.9890 0.9236 1.1250 27
1.0573 1.0573 1.0573 1.0573 1.0573 1.0573 28
2003 1 1 1 1 0 0.0150 0.1000 0.2551 0.4355 0.5225 29
0.5885 0.7569 0.6915 0.7469 0.8246 0.7692 0.8887 0.9266 0.7894 0.8414 30
0.9965 0.9965 0.9965 0.9965 0.9965 0.9965 31
2004 1 1 1 1 0 0.0149 0.1081 0.2000 0.4360 0.4807 32
0.5319 0.6478 0.7068 0.6579 0.7094 0.8050 0.8581 0.7715 0.9704 0.8631 33
0.8959 0.8959 0.8959 0.8959 0.8959 0.8959 34
2005 1 1 1 1 0 0.0149 0.1162 0.2603 0.4311 0.5086 35
0.5393 0.5682 0.6336 0.6550 0.7027 0.7962 0.8104 0.8109 0.7602 1.1449 36
0.9678 0.9678 0.9678 0.9678 0.9678 0.9678 37
2006 1 1 1 1 0 0.0148 0.1324 0.3831 0.4575 0.5341 38
0.5740 0.5910 0.5979 0.6560 0.6997 0.7259 0.7220 0.7753 0.6580 0.6399 39
0.9550 0.9550 0.9550 0.9550 0.9550 0.9550 40
2007 1 1 1 1 0 0.0148 0.0445 0.2272 0.3776 0.5352 41
0.5530 0.6073 0.6328 0.6475 0.7055 0.7723 0.7627 0.8137 0.8702 0.8008 42
0.8698 0.8698 0.8698 0.8698 0.8698 0.8698 43
2008 1 1 1 1 0 0.0148 0.1346 0.2440 0.4079 0.5630 44
0.6365 0.6865 0.6818 0.7098 0.7211 0.7488 0.8073 0.8483 0.7755 0.8834 45
0.8332 0.8332 0.8332 0.8332 0.8332 0.8332 46
2009 1 1 1 1 0 0.0148 0.0667 0.2448 0.3431 0.4712 47
0.6371 0.6702 0.6942 0.7463 0.8226 0.7674 0.8139 1.0147 0.8503 0.9582 48
1.0334 1.0334 1.0334 1.0334 1.0334 1.0334 49
2010 1 1 1 1 0 0.0148 0.1089 0.2326 0.2918 0.4332 50
0.5302 0.6582 0.8349 1.0828 1.0276 0.9582 0.8763 0.8524 1.1253 0.7200 51
0.9021 0.9021 0.9021 0.9021 0.9021 0.9021 52
2011 1 1 1 1 0 0.0148 0.0844 0.2457 0.3219 0.3867 53
0.5142 0.5950 0.6746 0.8534 0.9294 0.9780 1.0749 1.0588 1.0279 1.0557 54
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0.9212 0.9212 0.9212 0.9212 0.9212 0.9212

2012 1 1 1 1 0 0.0148 0.1290 0.2145 0.3536 0.4094
0.4889 0.6562 0.6907 0.7775 0.9072 0.9633 0.9639 0.9639 0.9889 0.9924
0.9425 0.9425 0.9425 0.9425 0.9425 0.9425

2013 1 1 1 1 0 0.0148 0.1297 0.2874 0.3595 0.4697
0.5104 0.6260 0.7165 0.7310 0.8313 0.9989 1.0752 1.2303 1.1187 1.0682
1.0545 1.0545 1.0545 1.0545 1.0545 1.0545

2014 1 1 1 1 0 0.0148 0.1028 0.4080 0.4686 0.4797
0.5362 0.5741 0.6198 0.6590 0.7174 0.6950 1.1645 1.0150 0.9491 0.9674
1.0579 1.0579 1.0579 1.0579 1.0579 1.0579

2015 1 1 1 1 0 0.0148 0.0759 0.2471 0.3905 0.4445
0.4708 0.5531 0.5948 0.6749 0.6879 0.7179 0.8337 0.9523 1.0185 1.0893
1.2493 1.2493 1.2493 1.2493 1.2493 1.2493

#Weight at age for Fishery: Fleet = 1
#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4

ab a6 a7 a8 a9 alo alil al2 al3 ald
alb alé al7 als al9 a20

-1940 1 1 1 1 1 0.0169 0.0864 0.2495 0.3778 0.4847
0.5335 0.5914 0.6621 0.7219 0.7912 0.8630 0.9335 0.9740 1.0706 1.0102
1.0315 1.0315 1.0315 1.0315 1.0315 1.0315

1975 1 1 1 1 1 0.0550 0.1575 0.2987 0.3658 0.6143
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1976 1 1 1 1 1 0.0550 0.0986 0.2359 0.4990 0.5188
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1977 1 1 1 1 1 0.0550 0.0855 0.4020 0.4882 0.5902
0.6650 0.7489 0.8272 0.9779 1.1052 1.2341 1.3148 1.4027 1.7511 2.1005
2.2094 2.2094 2.2094 2.2094 2.2094 2.2094

1978 1 1 1 1 1 0.0517 0.0725 0.1275 0.4699 0.5302
0.6026 0.6392 0.7397 0.8422 0.9811 1.0997 1.2459 1.3295 1.4814 1.7419
2.3353 2.3353 2.3353 2.3353 2.3353 2.3353

1979 1 1 1 1 1 0.0484 0.0763 0.2410 0.2587 0.5821
0.6868 0.7677 0.8909 0.9128 1.0369 1.1987 1.2482 1.5326 1.5520 1.7950
1.9817 1.9817 1.9817 1.9817 1.9817 1.9817

1980 1 1 1 1 1 0.0452 0.0800 0.2125 0.4529 0.3922
0.4904 0.5166 0.6554 0.7136 0.8740 1.0626 1.1623 1.2898 1.3001 1.2699
1.3961 1.3961 1.3961 1.3961 1.3961 1.3961

1981 1 1 1 1 1 0.0419 0.1074 0.2137 0.3422 0.5264
0.3933 0.5254 0.5462 0.7464 0.7204 0.8231 1.0413 1.0989 1.3449 1.4926
1.2128 1.2128 1.2128 1.2128 1.2128 1.2128

1982 1 1 1 1 1 0.0386 0.1181 0.2465 0.3336 0.3097
0.5496 0.3956 0.5275 0.5629 0.7606 0.6837 0.8539 1.0670 0.8793 1.0186
1.1693 1.1693 1.1693 1.1693 1.1693 1.1693

1983 1 1 1 1 1 0.0353 0.1287 0.1357 0.3410 0.3694
0.3277 0.5200 0.5028 0.6179 0.7060 0.8800 0.9299 1.0356 1.0310 1.3217
1.4823 1.4823 1.4823 1.4823 1.4823 1.4823

1984 1 1 1 1 1 0.0321 0.1315 0.1642 0.2493 0.4384
0.4113 0.4352 0.5872 0.5802 0.6758 0.7010 0.9513 1.1364 1.0258 1.2807
1.8800 1.8800 1.8800 1.8800 1.8800 1.8800

1985 1 1 1 1 1 0.0288 0.1740 0.2297 0.2679 0.4414
0.5496 0.5474 0.6017 0.7452 0.6933 0.7231 0.8584 0.8698 0.9458 0.6759
1.1217 1.1217 1.1217 1.1217 1.1217 1.1217
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1986 1 1 1 1 1 0.0255 0.1555 0.2780 0.2906 0.3024 1
0.3735 0.5426 0.5720 0.6421 0.8209 0.9403 1.1860 1.1900 1.3737 1.6800 2
1.6142 1.6142 1.6142 1.6142 1.6142 1.6142 3

1987 1 1 1 1 1 0.0222 0.1478 0.1388 0.3790 0.2786 4
0.2870 0.3621 0.5775 0.5975 0.6369 0.7638 0.9820 0.9250 1.2407 1.2031 5
1.4157 1.4157 1.4157 1.4157 1.4157 1.4157 6

1988 1 1 1 1 1 0.0190 0.1400 0.1870 0.3189 0.4711 7
0.3689 0.3731 0.5163 0.6471 0.6884 0.7183 0.9211 1.0924 1.0225 1.4500 8
1.4537 1.4537 1.4537 1.4537 1.4537 1.4537 9

1989 1 1 1 1 1 0.0157 0.1389 0.2737 0.3047 0.2931 10
0.5134 0.4386 0.4064 0.5167 0.6263 0.6611 0.6027 0.8758 0.6686 0.8282 11
1.1264 1.1264 1.1264 1.1264 1.1264 1.1264 12

1990 1 1 1 1 1 0.0156 0.1378 0.2435 0.3506 0.3906 13
0.5111 0.5462 0.6076 0.6678 0.5300 0.7697 0.8312 2.2000 1.1847 1.0166 14
1.4668 1.4668 1.4668 1.4668 1.4668 1.4668 15

1991 1 1 1 1 1 0.0156 0.1367 0.2754 0.3697 0.4598 16
0.5138 0.5437 0.5907 0.7210 0.8497 1.0997 0.7185 0.6403 1.0174 1.2051 17
2.3828 2.3828 2.3828 2.3828 2.3828 2.3828 18

1992 1 1 1 1 1 0.0155 0.1356 0.2316 0.3473 0.4743 19
0.5334 0.5817 0.6210 0.6406 0.6530 0.6330 0.7217 0.7354 0.8501 0.9750 20
1.0272 1.0272 1.0272 1.0272 1.0272 1.0272 21

1993 1 1 1 1 1 0.0155 0.1274 0.2486 0.3384 0.3960 22
0.4539 0.4935 0.5017 0.4880 0.5491 0.5100 1.2630 1.0250 0.6135 0.5995 23
0.6850 0.6850 0.6850 0.6850 0.6850 0.6850 24

1994 1 1 1 1 1 0.0154 0.1191 0.3000 0.3626 0.4469 25
0.4473 0.5262 0.5700 0.6218 0.5598 0.6341 0.4850 0.6491 0.7300 0.7013 26
0.7455 0.7455 0.7455 0.7455 0.7455 0.7455 27

1995 1 1 1 1 1 0.0154 0.1108 0.2682 0.3418 0.4876 28
0.5367 0.6506 0.6249 0.6597 0.7560 0.6670 0.7445 0.7998 0.9101 0.6804 29
0.8008 0.8008 0.8008 0.8008 0.8008 0.8008 30

1996 1 1 1 1 1 0.0153 0.1007 0.2876 0.3982 0.4674 31
0.5317 0.5651 0.6509 0.5957 0.6362 0.6049 0.7500 0.6756 0.8109 1.4853 32
0.7509 0.7509 0.7509 0.7509 0.7509 0.7509 33

1997 1 1 1 1 1 0.0153 0.0906 0.3555 0.4322 0.4931 34
0.5476 0.5453 0.5833 0.5855 0.6071 0.6315 0.8633 0.5946 0.7118 0.6618 35
0.8693 0.8693 0.8693 0.8693 0.8693 0.8693 36

1998 1 1 1 1 1 0.0152 0.0805 0.2091 0.3539 0.5041 37
0.5172 0.5420 0.6412 0.6099 0.6769 0.8078 0.7174 0.8100 0.7733 0.7510 38
0.7979 0.7979 0.7979 0.7979 0.7979 0.7979 39

1999 1 1 1 1 1 0.0152 0.1352 0.2502 0.3455 0.4251 40
0.5265 0.5569 0.5727 0.6117 0.7030 0.6650 0.7989 0.7554 0.8787 0.7348 41
0.8187 0.8187 0.8187 0.8187 0.8187 0.8187 42

2000 1 1 1 1 1 0.0151 0.1899 0.3216 0.4729 0.5766 43
0.6598 0.7176 0.7279 0.7539 0.8378 0.8159 0.8814 0.8554 0.9391 0.8744 44
0.9336 0.9336 0.9336 0.9336 0.9336 0.9336 45

2001 1 1 1 1 1 0.0151 0.0512 0.2867 0.4843 0.6527 46
0.6645 0.7469 0.8629 0.8555 0.8802 0.9630 0.9790 1.0054 1.0494 0.9927 47
0.9768 0.9768 0.9768 0.9768 0.9768 0.9768 48

2002 1 1 1 1 1 0.0150 0.0756 0.3583 0.4575 0.6058 49
0.8160 0.7581 0.8488 0.9771 0.9322 0.9176 0.9974 0.9890 0.9236 1.1250 50
1.0573 1.0573 1.0573 1.0573 1.0573 1.0573 51

2003 1 1 1 1 1 0.0150 0.1000 0.2551 0.4355 0.5225 52
0.5885 0.7569 0.6915 0.7469 0.8246 0.7692 0.8887 0.9266 0.7894 0.8414 53
0.9965 0.9965 0.9965 0.9965 0.9965 0.9965 54

Pacific Hake assessment 2016-02-12 134 DRAFT - DO NOT CITE



2004 1 1 1 1 1 0.0149 0.1081 0.2000 0.4360 0.4807 1
0.5319 0.6478 0.7068 0.6579 0.7094 0.8050 0.8581 0.7715 0.9704 0.8631 2
0.8959 0.8959 0.8959 0.8959 0.8959 0.8959 3

2005 1 1 1 1 1 0.0149 0.1162 0.2603 0.4311 0.5086 4
0.5393 0.5682 0.6336 0.6550 0.7027 0.7962 0.8104 0.8109 0.7602 1.1449 5
0.9678 0.9678 0.9678 0.9678 0.9678 0.9678 6

2006 1 1 1 1 1 0.0148 0.1324 0.3831 0.4575 0.5341 7
0.5740 0.5910 0.5979 0.6560 0.6997 0.7259 0.7220 0.7753 0.6580 0.6399 8
0.9550 0.9550 0.9550 0.9550 0.9550 0.9550 9

2007 1 1 1 1 1 0.0148 0.0445 0.2272 0.3776 0.5352 10
0.5530 0.6073 0.6328 0.6475 0.7055 0.7723 0.7627 0.8137 0.8702 0.8008 11
0.8698 0.8698 0.8698 0.8698 0.8698 0.8698 12

2008 1 1 1 1 1 0.0148 0.1346 0.2440 0.4079 0.5630 13
0.6365 0.6865 0.6818 0.7098 0.7211 0.7488 0.8073 0.8483 0.7755 0.8834 14
0.8332 0.8332 0.8332 0.8332 0.8332 0.8332 15

2009 1 1 1 1 1 0.0148 0.0667 0.2448 0.3431 0.4712 16
0.6371 0.6702 0.6942 0.7463 0.8226 0.7674 0.8139 1.0147 0.8503 0.9582 17
1.0334 1.0334 1.0334 1.0334 1.0334 1.0334 18

2010 1 1 1 1 1 0.0148 0.1089 0.2326 0.2918 0.4332 19
0.5302 0.6582 0.8349 1.0828 1.0276 0.9582 0.8763 0.8524 1.1253 0.7200 20
0.9021 0.9021 0.9021 0.9021 0.9021 0.9021 21

2011 1 1 1 1 1 0.0148 0.0844 0.2457 0.3219 0.3867 22
0.5142 0.5950 0.6746 0.8534 0.9294 0.9780 1.0749 1.0588 1.0279 1.05657 23
0.9212 0.9212 0.9212 0.9212 0.9212 0.9212 24

2012 1 1 1 1 1 0.0148 0.1290 0.2145 0.3536 0.4094 25
0.4889 0.6562 0.6907 0.7775 0.9072 0.9633 0.9639 0.9639 0.9889 0.9924 26
0.9425 0.9425 0.9425 0.9425 0.9425 0.9425 27

2013 1 1 1 1 1 0.0148 0.1297 0.2874 0.3595 0.4697 28
0.5104 0.6260 0.7165 0.7310 0.8313 0.9989 1.0752 1.2303 1.1187 1.0682 29
1.0545 1.0545 1.0545 1.0545 1.0545 1.0545 30

2014 1 1 1 1 1 0.0148 0.1028 0.4080 0.4686 0.4797 31
0.5362 0.5741 0.6198 0.6590 0.7174 0.6950 1.1645 1.0150 0.9491 0.9674 32
1.0579 1.0579 1.0579 1.0579 1.0579 1.0579 33

2015 1 1 1 1 1 0.0148 0.0759 0.2471 0.3905 0.4445 34
0.4708 0.5531 0.5948 0.6749 0.6879 0.7179 0.8337 0.9523 1.0185 1.0893 35
1.2493 1.2493 1.2493 1.2493 1.2493 1.2493 36

37

#Weight at age for Survey: Fleet = 2 38
#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4 39
ab a6 a7 a8 a9 alo alil al2 al3 al4 40
alb alé al7 als al9 a20 41
-1940 1 1 1 1 2 0.0169 0.0864 0.2495 0.3778 0.4847 42
0.5335 0.5914 0.6621 0.7219 0.7912 0.8630 0.9335 0.9740 1.0706 1.0102 43
1.0315 1.0315 1.0315 1.0315 1.0315 1.0315 44

1975 1 1 1 1 2 0.0550 0.1575 0.2987 0.3658 0.6143 45
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555 46
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445 47

1976 1 1 1 1 2 0.0550 0.0986 0.2359 0.4990 0.5188 48
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555 49
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445 50

1977 1 1 1 1 2 0.0550 0.0855 0.4020 0.4882 0.5902 51
0.6650 0.7489 0.8272 0.9779 1.1052 1.2341 1.3148 1.4027 1.7511 2.1005 52
2.2094 2.2094 2.2094 2.2094 2.2094 2.2094 53

1978 1 1 1 1 2 0.0517 0.0725 0.1275 0.4699 0.5302 54
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0.6026
2.3353
1979
0.6868
1.9817
1980
0.4904
1.3961
1981
0.3933
1.2128
1982
0.5496
1.1693
1983
0.3277
1.4823
1984
0.4113
1.8800
1985
0.5496
1.1217
1986
0.3735
1.6142
1987
0.2870
1.4157
1988
0.3689
1.4537
1989
0.5134
1.1264
1990
0.5111
1.4668
1991
0.5138
2.3828
1992
0.5334
1.0272
1993
0.4539
0.6850
1994
0.4473
0.7455
1995
0.5367
0.8008
1996
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.6392
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LT677
.9817

.5166
.3961

.5254
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.3956
.1693

.5200
.4823

.4352
.8800

.5474
L1217

.5426
.6142

.3621
.41567

.3731
.4537

.4386
.1264
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.4668

.5437
.3828

.5817
.0272

.4935
.6850

.5262
. 7455

.6506
.8008
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L7397
.3353

.8909
.9817

.6554
.3961

.5462
.2128

.5275
.1693

.5028
.4823

.5872
.8800

.6017
L1217

.5720
.6142

.5775
.4157

.5163
.4537

.4064
.1264

.6076
.4668

.5907
.3828

.6210
.0272

.5017
.6850

.5700
. 7455

.6249
.8008

1

.8422
.3353

0.9128
.9817

.7136
.3961

. 7464
.2128

0.5629
.1693

.6179
.4823

0.5802
.8800

0.7452
L1217

.6421
.6142

0.5975
.4157

0.6471
.4537

.5167
.1264

0.6678
.4668

.7210
.3828

.6406
.0272

.4880
.6850

.6218
. 7455

.6597
.8008

1

0.9811 1.0997 1.2459 1.3295 1.4814 1.7419 1
2.33563 2.3353 2
2 0.0484 0.0763 0.2410 0.2587 0.5821 3
1.0369 1.1987 1.2482 1.5326 1.5520 1.7950 4
1.9817 1.9817 5
2 0.0452 0.0800 0.2125 0.4529 0.3922 6
0.8740 1.0626 1.1623 1.2898 1.3001 1.2699 7
1.3961 1.3961 8
2 0.0419 0.1074 0.2137 0.3422 0.5264 9
0.7204 0.8231 1.0413 1.0989 1.3449 1.4926 10
1.2128 1.2128 11
2 0.0386 0.1181 0.2465 0.3336 0.3097 12
0.7606 0.6837 0.8539 1.0670 0.8793 1.0186 13
1.1693 1.1693 14
2 0.0353 0.1287 0.1357 0.3410 0.3694 15
0.7060 0.8800 0.9299 1.0356 1.0310 1.3217 16
1.4823 1.4823 17
2 0.0321 0.1315 0.1642 0.2493 0.4384 18
0.6758 0.7010 0.9513 1.1364 1.0258 1.2807 19
1.8800 1.8800 20
2 0.0288 0.1740 0.2297 0.2679 0.4414 21
0.6933 0.7231 0.8584 0.8698 0.9458 0.6759 22
1.1217 1.1217 23
2 0.0255 0.1555 0.2780 0.2906 0.3024 24
0.8209 0.9403 1.1860 1.1900 1.3737 1.6800 25
1.6142 1.6142 26
2 0.0222 0.1478 0.1388 0.3790 0.2786 27
0.6369 0.7638 0.9820 0.9250 1.2407 1.2031 28
1.4157 1.4157 29
2 0.0190 0.1400 0.1870 0.3189 0.4711 30
0.6884 0.7183 0.9211 1.0924 1.0225 1.4500 31
1.4537 1.4537 32
2 0.0157 0.1389 0.2737 0.3047 0.2931 33
0.6263 0.6611 0.6027 0.8758 0.6686 0.8282 34
1.1264 1.1264 35
2 0.0156 0.1378 0.2435 0.3506 0.3906 36
0.5300 0.7697 0.8312 2.2000 1.1847 1.0166 37
1.4668 1.4668 38
2 0.0156 0.1367 0.2754 0.3697 0.4598 39
0.8497 1.0997 0.7185 0.6403 1.0174 1.2051 40
2.3828 2.3828 41
2 0.0155 0.1356 0.2316 0.3473 0.4743 42
0.6530 0.6330 0.7217 0.7354 0.8501 0.9750 43
1.0272 1.0272 44
2 0.0155 0.1274 0.2486 0.3384 0.3960 45
0.5491 0.5100 1.2630 1.0250 0.6135 0.5995 46
0.6850 0.6850 47
2 0.0154 0.1191 0.3000 0.3626 0.4469 48
0.5598 0.6341 0.4850 0.6491 0.7300 0.7013 49
0.7455 0.7455 50
2 0.0154 0.1108 0.2682 0.3418 0.4876 51
0.7560 0.6670 0.7445 0.7998 0.9101 0.6804 52
0.8008 0.8008 53
2 0.0153 0.1007 0.2876 0.3982 0.4674 54
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0.5317
0.7509
1997
0.5476
0.8693
1998
0.5172
0.7979
1999
0.5265
0.8187
2000
0.6598
0.9336
2001
0.6645
0.9768
2002
0.8160
1.0573
2003
0.5885
0.9965
2004
0.5319
0.8959
2005
0.5393
0.9678
2006
0.5740
0.9550
2007
0.5530
0.8698
2008
0.6365
0.8332
2009
0.6371
1.0334
2010
0.5302
0.9021
2011
0.5142
0.9212
2012
0.4889
0.9425
2013
0.5104
1.0545
2014

P rorHroorocooroorFrrorooroorocoorocoorooroorroroorocooroor oo oo oo

.5651
.7509

.5453
.8693

.5420
L7979

.5569
.8187

L7176
.9336

. 7469
.9768

.7581
.05673

. 7569
.9965

.6478
.8959

.5682
.9678

.5910
.9550

.6073
.8698

.6865
.8332

.6702
.0334

.6582
.9021

.5950
.9212

.6562
.9425

.6260
.0545

P rorHroorocooroorrroroorooroorocoorooroorroroorocooroorroo" oo oo

.6509
.7509

.5833
.8693

.6412
L7979

L5727
.8187

L7279
.9336

.8629
.9768

.8488
.05673

.6915
.9965

.7068
.8959

.6336
.9678

.5979
.9550

.6328
.8698

.6818
.8332

.6942
.0334

.8349
.9021

.6746
.9212

.6907
.9425

.7165
.0545

1

.5957
.7509

1

.58565
.8693

1

.6099
L7979

1

L6117
.8187

1

.7539
.9336

1

.8555
.9768

1

L9771
.05673

1

. 7469
.9965

1

.6579
.8959

1

.6550
.9678

1

.6560
.9550

1

.6475
.8698

1

.7098
.8332

1

0.7463
.0334

1

.0828
0.9021

1

.8534
.9212

1

LT7T75
.9425

1

0.7310
.0545

1

0.6362 0.6049 0.7500 0.6756 0.8109 1.4853 1
0.7509 0.7509 2
2 0.0153 0.0906 0.3555 0.4322 0.4931 3
0.6071 0.6315 0.8633 0.5946 0.7118 0.6618 4
0.8693 0.8693 5
2 0.0152 0.0805 0.2091 0.3539 0.5041 6
0.6769 0.8078 0.7174 0.8100 0.7733 0.7510 7
0.7979 0.7979 8
2 0.0152 0.1352 0.2502 0.3455 0.4251 9
0.7030 0.6650 0.7989 0.7554 0.8787 0.7348 10
0.8187 0.8187 11
2 0.0151 0.1899 0.3216 0.4729 0.5766 12
0.8378 0.8159 0.8814 0.8554 0.9391 0.8744 13
0.9336 0.9336 14
2 0.0151 0.0512 0.2867 0.4843 0.6527 15
0.8802 0.9630 0.9790 1.0054 1.0494 0.9927 16
0.9768 0.9768 17
2 0.0150 0.0756 0.3583 0.4575 0.6058 18
0.9322 0.9176 0.9974 0.9890 0.9236 1.1250 19
1.05673 1.0573 20
2 0.0150 0.1000 0.2551 0.4355 0.5225 21
0.8246 0.7692 0.8887 0.9266 0.7894 0.8414 22
0.9965 0.9965 23
2 0.0149 0.1081 0.2000 0.4360 0.4807 24
0.7094 0.8050 0.8581 0.7715 0.9704 0.8631 25
0.8959 0.8959 26
2 0.0149 0.1162 0.2603 0.4311 0.5086 27
0.7027 0.7962 0.8104 0.8109 0.7602 1.1449 28
0.9678 0.9678 29
2 0.0148 0.1324 0.3831 0.4575 0.5341 30
0.6997 0.7259 0.7220 0.7753 0.6580 0.6399 31
0.9550 0.9550 32
2 0.0148 0.0445 0.2272 0.3776 0.5352 33
0.7055 0.7723 0.7627 0.8137 0.8702 0.8008 34
0.8698 0.8698 35
2 0.0148 0.1346 0.2440 0.4079 0.5630 36
0.7211 0.7488 0.8073 0.8483 0.7755 0.8834 37
0.8332 0.8332 38
2 0.0148 0.0667 0.2448 0.3431 0.4712 39
0.8226 0.7674 0.8139 1.0147 0.8503 0.9582 40
1.0334 1.0334 41
2 0.0148 0.1089 0.2326 0.2918 0.4332 42
1.0276 0.9582 0.8763 0.8524 1.1253 0.7200 43
0.9021 0.9021 44
2 0.0148 0.0844 0.2457 0.3219 0.3867 45
0.9294 0.9780 1.0749 1.0588 1.0279 1.0557 46
0.9212 0.9212 47
2 0.0148 0.1290 0.2145 0.3536 0.4094 48
0.9072 0.9633 0.9639 0.9639 0.9889 0.9924 49
0.9425 0.9425 50
2 0.0148 0.1297 0.2874 0.3595 0.4697 51
0.8313 0.9989 1.0752 1.2303 1.1187 1.0682 52
1.0545 1.0545 53
2 0.0148 0.1028 0.4080 0.4686 0.4797 54
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0.5362 0.5741 0.6198 0.6590 0.7174 0.6950 1.1645 1.0150 0.9491 0.9674 1
1.0579 1.0579 1.0579 1.0579 1.0579 1.0579 2
2015 1 1 1 1 2 0.0148 0.0759 0.2471 0.3905 0.4445 3
0.4708 0.5531 0.5948 0.6749 0.6879 0.7179 0.8337 0.9523 1.0185 1.0893 4
1.2493 1.2493 1.2493 1.2493 1.2493 1.2493 5

# End of wtatage.ss file 6
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